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ABSTRACT

This report presents procedures and criteria for selecting appro-
priate locations for carbon monoxide (CO) monitoring stations. The
purposes for which CO concentrations are measured are reviewed and
classified according to a system based on special scales of representa-
tiveness. Different purposes require measurements representative of
areas of differing size, The first step of the site selection process
is to decide the purpose of the measurements. Then this primary purpose
must be related to the kind of area that should be represented by the
measurements. A matrix of purposes and spatial scales is included to
assist in this determination.

Procedures are given for selecting locations that will -provide CO
measurements representative of downtown street canyon areas, along major
traffic corridors, urban neighborhoods, and larger interurban regions.
Specific recommendations are included for inlet hejghts, distances from
major and minor roadways and placement relative to urban areas. Less
detailed discussions of monitoring around indirect sources such as
shopping centers and stadia are included, The rationale behind the
specific recommendations is given., In general, the objective has been
to place the monitor so that it is not disproportionately influenced by
any one source within the area to be represented.

Appendices discuss sources of information useful to the site
selection process, such as climatological data, land use information,
and traffic data. A bibliography is also included. It is classified
according to monitoring purposes and scales of representativeness. A
computer program designed to identify "worst~case" conditions and the
relative contributions of sources at different distances is presented.
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SUMMARY

It does not require an extensive review of the literature to
conclude that many measurements of carbon monoxide (CO) concentrations
are being made and used for a wide variety of purposes. In fact, it
sometimes appears that the number of purposes exceeds the number of
stations. It is very seldom that an attempt is made to show that the
Physical characteristics of a given gampling location are appropriate to
the problem being addressed with the data that are collected there.

This may be because a coherent scheme has not been devised for classi-
fying sites and relating their characteristics to intended data usage,

There is a great need for a site classification system since most
monitoring stations will be expected to operate for many years, tens of
thousands of dollars will be spent for equipment and installation, and
further tens of thousands will be expended for maintenance and data pro-
cessing during the period of operation. It would be foolish to locate a
station where its data would not be appropriate to the intended uses.
The costs of poor siting procedures can extend well beyond the actual
costs of establishing and operating the stations. Whenever the data are
used as a rationale for large-scale programs such as air quality improve-
ment projects, there are likely to be great economic and social impacts,
which means that the siting of data collection stations becomes even
more important,

The uses of CO data can be broadly categorized as being related to
the following:

Enforcement of air quality regulations
Development and evaluation of control measures
Public health

Scientific research

Miscellaneous purposes.

Each of these broad categories contains several narrower subcategories
of use, but at no level of classification is this system directly re-—
lated to physical factors. 1In trying to devise a site classification
system that can be used to define an appropriate set of physical char-
acteristics for each site type, it seems reasonable to examine the uses
of the data in terms of the physical factors that influence the data.
For example, each of the above categories of use has a level of spatial
smwoothing that is appropriate for that use, Sometimes, the requirement
is for many closely spaced measurements that will reveal small-scale
features of the distribution of CO in space; at other times the
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requirement is for measurements to typlfy a whole city or perhaps even a
whole region of the country.

Those uses of data that are related to the development of air
quality control measures illustrate the variety of spatial scales that
can be of concern within a single, broad category of use. Measurements
that are typical of a street canyom or a freeway corridor will be
suitable for formulating control plans to reduce emissions along the
specific roadway or along a limited number of similarly congested
streets, but they will not necessarily be useful for the formlation of
‘plans that are city-wide in scope, Plans of the latter type require
data that represent much larger areas.

The concept of spatial representativeness arises from examples like
those given above and provides a useful basis for classifying statioms
and the uses to which their data are put. Furthermore, it has a
physical basis that can serve to define station characteristics., In
general, the measurement scales that are of greatest importance are:

e Microscale, to define concentrations in volumes with
dimensions of the order of meters to temns of meters,

e Middle scale, generally defining concentrations typical of
areas with dimensions of tens to hundreds of meters. This
category includes measurements to define concentrations along
streets and roads and typical areas can be elongated,
measuring tens of meters by hundreds of meters or even
kilometers,

» Neighborhood scale, defining concentrations within some
extended area of the city that has relatively uniform land
use; dimensions are of the order of kilometers.

o+ Urban scale, to define the overall, citywide conditions on
a scale of tens of kilometers; in general, more than one
sire will be required for such definition.

« Regional scale, to provide a measure of CO concentrations
typical of a large, usually rural area of reascnably homogeneous
geography and extending for tens to hundreds of kilometers.

Of course, the concept of scale can be extended upward to the
global scale, but for this discussion, those scales enumerated above are
sufficient, In fact, the discussion is limited to the middle, neighbor-
hood and regional scales. Urban scale conditions, as noted, cannot be
specified with measurements at a single locatrion, bur can be synthesized
from measurements representing middle and neighborhood scales. When the
latter two scales are well represented, it will not be necessary to find
the ideal urban scale site. Microscale measurements are often made for
very specialized research purposes that make a generalized set of siting

xiii



requirements nearly impossible to devise. Factors other than scale of
Tepresentativeness are important to the definition of types of moni-
toring site and their required physical characteristics, One of these
other factors arises because virtuvally all routine CO monitoring is
related directly, or indirectly, to health or Public exposure and
therefore samples taken at breathing level are most appropriate. Inlets
at breathing level will constitute an obstacle in many locations and
will also be subject to vandalism, Ott (1975) has suggested 3 m + 0.5 m
as a compromise and that same height range has been adopted here.

The adoption of the same inlet height as recommended by Ott pro-
vides consistency. Consistency, in turn, allows data from different
locations to be compared with the assurance that any differences.in the
data sets will reflect something other than anomolous site character-
isties, The site standards that Ott (1975) proposed were derived from
a2 combination of empirical -evidence and practical requirements. The
representativeness concept, not surprisingly, leads to similar results
50 that consistency between the Tecommendations of this study and those
of Ott is maintained.

In proceeding from the concept of spatial representativeness to the
concrete requirements of siting, some arbitrary decisions are required;
these decisions are made easier if they can be translated into very
simple quantitative terms. The most pervasive of the translations that
were used provided equivalence between the contribution that a specific
source makes to observed concentrations at a monitor and the distance to
that source. From this relationship, maximum aliowable contributions
(in mg/m® ) could be converted to minimum separations (in m) between the
monitor and certain kinds of sources. For instance, regional sites
should be far enough removed from cities so that the concentrations
arising from emissions within the city will be less than typical rural
background concentrations of 0.2 mg/m®. Similarly, neighborhood sites
should not be so close to large roadways that the emissions from the
roadway increase measured concentrations more than about 1 mg/m?.
Because smaller roadways are less important contributors to the overall
neighborhood concentrations, they should be permitted even less
influence on the observed concentrations.

The relarionships between minimum separation distance, source to
monitor, and the maximum concentration impact of the source on the
monitor can be derived from common diffusion equations. The physical
requirements of the major site types are summarized below. These
requirements have been derived according to the principles outlined
above and are described in much greater detail in the body of this
Teport,
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Street Canyon Monitor

Ott type:

»

Scale of
representativeness:

Inlet location:

Other requirements:

Traffic Corridor Monitor

ott type:

Scale of
representativeness:

Inlet location:

Other requirements:

"A" - downtown pedestrian exposure
station,

Middle

3 ¥ 0.5m, over center of sidewalk,
but at least 2 m from building fronmt
and 10 m from intersection,

Street canyon width and depth

should be typical of others in the
area, Traffic should be either average
or maximm for the area, depending on
intended data use. Avoid bus stops,
loading zones and other unusual source
areas, Traffic counts would be
valuable, Orientation relative to wind
directions, use of multiple inlets, and
the importance of one-way streets and
daily traffic cycles are discussed in
the text (Section TII).

None comparable

Middle

3Yo.5 m, at edge of right-of-way, or
at typical distance to nearest
residences, '

Roadway should be at grade-level and

as typical of its type as possible,
Site should be well removed from
intersections and overpasses or other
large obstructions. ' Traffic counts and
wind measurements would be valuable.
Orientation relative to wind directions
and the use of multiple inlets are
discussed in the text, as are nongrade—
level roadways (Section III).



Neighborhood Monitor

Oott type:

‘Scale of _
representativeness:

Inlet location:

~ Other requirements:

Esgional Monitor

ott type:

Scale of
representativeness:

Inlet location:

Other requirements:

"C" - Residential population exposure
stationm.

Neighborhood

3% 0.5m. 35 m from nearest traffic.*
2.5 km from nearest major roadway,
50,000 vehicles per day or more.

Reasonably homogeneous land use within
1 or 2 km of the site. Large cities,
of diverse land use, should probably
have enough stations of this type to
characterize the variety of neighbor-
hoods in the town. Traffic counts on
nearby streets and wind measurements
would be valuable,

"E" - Nonurban background statioms.

Regional

37 0.5 m. Small vertical gradients
make heights of up to 10 m acceptable
in such locations if absolutely
necessary. 35 km from nearest city, in
the direction that is least frequently
downwind; if more than one such station
is planned, see Section III for
preferred directions, 5 km from
nearest major roadway -- 50,000 or more
vehicles per day. 400 m from nearest
traffic.

Should not be aligned with any long
straight section of a major roadway.
Low-~lying areas, subject to cold air
drainage and stagnation should be
avoided. Wind measurements are
desirable,

Ott (1975) specifies a minimum-distance of 100 m to nearest
street with more than 500 vehicles per day, but this seems unduly

stringent,



The above summaries of the Physical characteristics of the most
important types of monitors make mention of traffic on certain roadways,
of homogeneity of land use, and of other considerations that imply that
it is not sufficient to simply place an inlet at 3 m height at some
arbitrary location, In general, some areas are preferable to. others,
and within the preferred areas there are some specific sites that are
better than others. Step by step procedures for site selection are
described in Section III. The first step is usually to gather traffic
data, land use data, topographic maps, and climatological information.

' Sources of these kinds of information are discussed in appendices to
this report, The information is used to identify generally desirable
areas, and reduce their numbers and their size until a final selection
is carefully made. When this has been done, the data should be
reasonably representative of the desired conditions.

The original premise that served as a basis for categorizing the
sites and defining their physical requirements was that the purposes for
data collection could be classified according to appropriate scales of
representativeness. It was suggested, for example, that air quality
improvement measures should be consistent in scale with the measurements
that inspired them, This premise has been tested by simple calculations
and it appears to be valid. '

The simple diffusion model described in Appendix A was applied with
a wide variety of meteorological data and some reasonable, idealized,
urban distributions of CO emissions, The results show that a street
canyon monitor on a typical, heavily traveled street will measure
concentrations that are strongly influenced by the local traffic. 1In
fact, it appears that more than half of the time the adjacent street
will contribute over one-third of the observed CO. Such results suggest
that observations are substantially influenced by emissions within a few
blocks of the momitor (and that control plans should be designed
accordingly),

As is to be expected, neighborhood statioms are not so dra-
matically influenced by sources in their immediate vicinity., 1In fact,
the siting criteria specifically seek to exclude such influences.
However, the influences of sources within a few kilometers should be
important if the scale of representativeness of the measurements is to be
used to suggest appropriate scales for practical applications. The
model from Appendix A was again used to estimate the region of influence.
It was found that in most instances, the contribution of sources within
2 km of the monitor was more than one—third of the total, again demon-
strating a reasonable relationship hetween the scale of representativity
of the measurement and the appropriate scales for interpretation and
application of the data.
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In summary, the guidelines presented here should serve as a good
basis for selecting sites that can be classified into a limited number
of comparable types. The standardization of physical characteristics
will ensure that comparison among sites of the same type will not be .
clouded by anomolies in the data, arising from peculiarities in the
siting, Furthermore, the guidelines are sufficiently consistent with
those already proposed by Ott (1975) that there should be little
difficulty in combining the two schemes,

Use of the classification scheme does more than ensure compati-
bility of data; it also provides a physical basis for the interpretation
and application of those data. This should help to prevent mismatches
between what the data actually represent and what they are interpreted
to mean, If carefully considered selection of monitoring sites could
prevent one instance where a large-scale contTol plan is designed to
cure a small-scale problem, then that alone would probably Justify the
effort required for proper selection of monitoring sites.
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I INTRODUCTION

A. Monitoring Site Standards

As the importance of air pollution increases, so does the necessity
to measure the concentrations of important pollutants in the air, Many
reasons for making the measurements are discussed later in this report;
they include attempts to understand pollutant behavior in the
atmosphere, assessment of the effectiveness of control measures, and
assessment of public health effects. Each purpose is best served by
some combination of monitoring site characteristics. This report is an
attempt to codify the monitoring site characteristics suitable for each
of a variety of monitoring purposes and to provide procedures for
selecting sites with characteristics optimum to the intended purposes.

The need for such codification and selection procedures can be
illustrated with a few examples. If we wish to use measurements to
estimate the public health effects of carbon monoxide (CO), the
measurements must be made in areas where concentrations are representa-
tive of those to which the public is exposed. In many instances, the
air has been sampled for this purpose at heights where the public has no
access. Any vertical gradients of concentration will greatly reduce the
usefulness of such data. Intercity comparisons of air quality must be
based on data from comparable stations, which means that some station
classification scheme will be required to judge the degree of compara-
bility of the statioms. Ott (1975) has shown that the range of average
CO concentrations from four different locations in a single city, New
York, is greater than the range of the measurements for 79 other sites
in locations throughout the rest of the country. In fact, the range
within New York was almost twice that of all the other sites, New York
is not unique in this respect. 1In any large city there will be loca-
tions with widely differing concentrations, many of which are not repre-
sentative of the city's general air quality, In fact, the diversity of
measured concentrations and the diversity of land use suggest that there
may be no one station that is representative of the entire city.
Therefore, stations should probably be chosen to represent various
aspects of the city's CO concentration distribution,

The preceding examples were presented only to illustrate a need for
logical, consistent procedures that can be used to locate and categorize
CO monitoring stations. The remainder of the report discusses various
aspects of that topic.

E. Philosophy of Approach

An inspection of the interpretations given to concentration data
reveals that the measurements are assumed to represent areas and volumes



that extend well beyond the small volume that is actually sampled. The
area presumed to be represented by a measurement may be relatively
small, such as one side of a downtown street canyon; intermediate in
size, like a neighborhood; or much larger, like a city, or even a whole
region of the country.

The methods for locating stations that have evolved during this
study have been based on the premise that the major purposes of
-establishing a certain monitoring site can be identified and then paired
with a scale of representativeness that is most suitable for those
purposes. Thus, the site selection process begins by identifying the
purpose of the monitoring. Then, this purpose provides a basis for
selecting a station type, based on the area that the measurements should
represent. Finally, procedures are followed that lead to sites that
represent areas.of the appropriate size. '

Although the site selection procedures are simple, they require
labor. It is inconsistent to locate a monitoring stationm that will be
expected to operate for many years, and will cost tens of thousands of
dollars for instrumentation and facilities without commensurate
expenditure of effort toward site selection. Furthermore, the
measurements made at the monitoring site may serve as the basis for
large-scale air quality improvement plans with enormous economic or
social impact, again dictating a careful site selection process.

All costs and potential costs associated with monitoring stations
warrant the expenditure of considerable effort in the site selection
process, Thus, we have not hesitated to recommend the acquisition and
interpretation of a diverse body of background information. In some
instances, special measurements are warranted before making a fimal
decision. The importance of the task demands that it be given time and
thought.

C. Special Characteristics of Carbon Monoxide
That Affect Monitoring Site Selection

Some of the special characteristics of CO as an air pollutant will
limit the things that can be done in the siting of monitoring statioms.
Other CO characteristics will allow approaches that might not be
possible with other pollutants. Fortunately, the limitations and
special requirements imposed by the nature of CO sources can, in many
instances, be met through exploitation of the relatively inert
properties of the gas.

Table 1 summarizes the nationwide emissions for 1970. On a
nationwide basis, transportation sources accounted- for nearly three-
fourths of the total and motor vehicles for nearly two-thirds, In urban
arcas the relative contribution is probably greater since several of the
other major source categories (e.g., agricultural burning) take place
almost entirely outside of the urban areas).



Table 1

NATIONWIDE ESTIMATES OF CARBON MONOXIDE EMISSIONS (1970)

Source: 'Cavender, Rircher and Hoffman, 1973

Emissions, Percent of

Source Category 106 tong/year Total
Transportation 111.0 74,5
Motor Vehicles _ 96.6 64.8
Gasoline 95.8 64.3
Diesel 0.8 0.5
Aircraft 3.0 2.0
Railroads 0.1 0.1
Vessels 1.7 1.2
Other nonhighway use of motor fuels 9.5 6.4
Fuel combustion in stationary sources 0.8 0.6
Coal 0.5 0.3
Fuel oil 0.1 0.1
Natural gas 0.1 0.1
Wood 0.1 0.1
Industrial process losses 11.4 7.7
Solid waste disposal 7.2 4.9
Agricultural burning 13.8 9.3
Miscellaneous 4.5 3.0
Forest fires* 4.0 2.7
Structural fires 0.2 0.1
Coal refuse burning 0.3 0.2
Total 149.0

* Includes prescribed burning,



The fact that motor vehicles constitute the largest urban source of
CO means that most CO emissions take Place near ground level along
roadways. This, in turn, means that the sources and the public, or the
monitoring station, éan be very close to each other; therefore, the
public or the monitor can easily be exposed in areas where little
dilution has taken place, This contrasts with some other pollutant that
may be emitted well above ground level, or may form slowly from chemical
reactions in the atmosphere; such pollutants may not appear at locations
accessible to the public until considerable mixing and dilution has
taken place,

The nature of the CD source means that very large concentration
gradients can be found near ground level, especially by streets or
roads. Figure 1 illustrates this. It shows that concentrations at 3 m
above a downtown street can change by several parts per million (or a
factor of nearly 2) over distances of only a few tens of meters, If we
were trying to represent the exposures of pedestrians, measurements made
on either side of the street would be misleading if they were
interpreted as applicable to all pedestrians on both sides of the
street. The problem is to devise methods for taking measurements that
4re more representative, whatever Purposes are being pursued.

Fortunately, the relative inertness of CO allows us to recommend
Procedures and techniques that can increase representativity but which
would not be possible to use for many other pollutants. Much longer
lengths of inlet tubing can be used for CO sampling than would otherwise
be the case, because of it low reactivity, This, in turn, means that it
is feasible to draw air to a single sampler from several separate
points. If care is taken to equalize the flow from the different
inlets, such samples can give an average concentration from opposite
sides of the street and Provide a number that is more representative of
the exposure experienced by the total pedestrian population in the area.
The use of multiple inlets to average concentrations from different
parts of an area will overcome some of the problems posed by the large
gradients in the vicinity of strong ground-level source areas.

D. Organization of This Report

The purpose of this document is to Provide procedures for locating
CO monitoring sites, As noted before, it is our opinion that the first
step in such procedures must always be the determination of the Primary
purposes for which the monitoring is to be conducted so that the site
can be classified and its physical ‘requirements can be identified.
Section II of this report discusses monitoring objectives and a gite
classification system that can be used to relate the objectives to the
physical characteristics of the site,

Section III gives step-by-step procedures for selecting sites in
the most important measurement categories. Section ITI is intended as
the working part of the report. '
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The eite selection procedures would not b2 wvalid if chere were oo
Tational quanritacive reasons for then, Section IV 1§ included ro
Provide the redsoning that was used to arrive ar tht auggested gite
Faleccion mathods, particularly the lipiting valuks Chat are suggedted
for such thinge ax imler height, separation distances bhetween gources
and inlete, and eo Forth,

In 6w of che recommanded procaduras, the person meking the aice
etlaction declision will have to ume unfamiiigr dati. The gppendices
PTovide some discuesion of these different kinds of deca and poszaible
sources from which they might be cbtained, A 8lwple model rhat can
4Baess Lhe relative concributions of sources at differant distances ia
algw discussed snd a program liating and uaer ipsrructfons are given,

Finally. a bibliography §& inciuded to show rhe diversee uwes of CO
(aod in some caees, orhey pollutants) deta, The bibliography elza
includes 4 sampling of cirations dealitg with wonitoring and giting
Philogophies and procedures.



I1 DECIDING THE TYPE OF CO MEASUREMENTS THAT ARE TO BE MADE

A. Uses of Carbon Monoxide Measurements

The objective of this section is to present a unified theme for
classifying monitoring stations. Our approach to this objective has
been to start with a simple list of the uses of ambient CO concentration
data, which was compiled by searching the literature for reports and
papers that made use of such data (see Appendix E). The ways in which
the data had been used were assembled and listed without regard to their
relative importance or to the possible overlapping of objectives. In
the list that follows we have tried to group the purposes into general
categories:

1. Enfo i jons
¢ Determine compliance with air quality standards:

- Federal primary
- Federal secondary
= State or local.

. Prov1de information for preparation of environmental 1mpact
statements:

- Highway projects

— Transportation plans
Large developments
Indirect sources.

2. Research

s Determine relations between concentrations and sources
(or sinks):

~ Specific emitters

— Emissions related to land-use patterms, etc.

— Indirect sources, shopping centers, stadiums, etc,

- Classes of emitters, e.g., vehicular, stationary, ete,

» Provide information for better understanding of the
processes affecting CO concentrations:

— Subjective understanding



— Objective modeling: development, evaluation, and
refinement,

Describe the "microdistribution” of CO in special areas:
~ Intersections

= Street canyons

~ Tunnels

= Below-grade highways.

Provide measurements of the magnitude of sources and sinks:

— Anthropogenic
~ Biological.

Test monitoring equipment.
Evaluate interstate and international transport Processes.

Provide measurements of natural, worldwide background CO
concentrations.

Development and Evaluation of Controls

Evaluate results of control measures

- "Hot spots"
= Overall urban conditions
- State, regional, or nationwide conditions.

Determine long-term tremnds in CO concentrations:
= In an urban area
= In a rural area

— Worldwide background,

Provide information for city and regional planners and
decision~makers,

Public Health

Alert authorities to existing or impending critical
situations.

Evaluate the effects of human exposure to ambient COQ,

Determine the relationship of ambient outdoor CO levels and
those inside buildings.



5. Miscellaneous

e Provide information for comparisons among locations and
areas of the same general class:

- City streets

= Neighborhoods
— Urban regions
— Larger regions,

e« Evaluate representativeness of existing and proposed
monitoring sites.

The above list is quite diverse and it is not immediately obvious
that any coherent, physically sound, applicable taxonomy exists, We are
indebted to a paper by Dr. Wayne Ott (1975) that provided much of the
stimulation for the following analysis.

Since the goal is to devise a set of physical characteristics and
procedures for selecting monitoring sites, it seems reasonable that the
objectives should be related to a physical classification scheme. Spa-
tial scale of representativeness has been chosen as the basis for the
classification system. As noted before, any useful measurement of CO
concentration is supposed to represent some volume and some period of
time, Actually, the measurements always involve averaging over some
period of time because the analyzed volume is collected over a finite
period; at the same time, spatial averaging occurs over the same volume,
In general, this volume does not correspond to the objectives of the
monitoring., The objectives may require representation of volumes
considerably different from those from which the samples are drawn.

Site selection, when viewed from this perspective, consists of selecting
a location or locations where concentrations in the volume that we
sample can be related to concentrations representative of the volume
that is required to meet our objectives.

B. Spatial Scale of Representativeness

The categories for classifying the various objectives are listed
below. They are presented in order, from the smallest scale to the
largest scale of measurement. Their relative importance will be
discussed later.

1. Microscale

This refers to volumes with dimensions of meters to a few tens
of meters, smaller than downtown street canyons or below-grade highways.
Those special studies attempting to determine CO distributions within
parking lots, within street canyons, over highways, and the like require
microscale measurements, Similarly, the development, testing, and
revision of models that seek to describe the processes that produce
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these concentration distributions require data. of this scale., This type
of measurement might also be used to define health effects for certain
individuals, such policemen, who remain near a fixed location for
extended periods. '

2., - Middle Scale_

This category covers dimensions from tens of meters to
hundreds of meters and more. In certain cases discussed below we apply
it to regions that may have a total length of kilometers. In many cases
of interest, sources and land use may be reasonably homogeneous for long
distances along a street, but very inhomogeneous normal to the street.
This is the case with strip development, freeway corridors, and downtown
street canyons. We have included in this category measurements to
characterize the CO concentrations along the urban features just
enumerated.

When a site is chosen to represent conditions in a single
street canyon or a block of strip development, then the characteristic
dimensions of this scale are tens of meters by hundreds of meters. 1If
we try to characterize street canyon conditions throughout the downtown
area, or along an extended stretch of freeway, the dimensions may - be
tens of meters by kilometets. ‘

Public health effects and air quality standards related to
public health effects would use measurements of this scale for their
assessment. People moving through city streets tend to be exposed to CO
concentrations consistent with a scale like this. This is also a scale
of measurements that would provide valuable information for alerts, for
devising and evaluating "hot spot" control measures, for comparing
central business districts in different cities, and for providing the
outdoor measurement necessary to the study the relationship between
outdoor and indoor concentrations in large public buildings,

This important class would also include the characteristic
concentrations for other areas, with dimensions of a few hundred meters,
such as the parking lot and feeder streets associated with indirect
sources—-that is, complexes that are not themselves pollutant emitters,
but which attract significant numbers of pollutant emitters, '
particularly autos. Shopping centers, stadia, and office buildings are
examples of indirect sources.

3. Neighborhood

Measurements in this category would represent conditions
throughout some reasonably homogeneous urban subregion, with dimensions
of a few kilometers and generally more regularly shaped than the middle-
scale. Homogeneity refers to CO concentration, but it probably also
applies to land use. In some cases, a site carefully chosen to provide
neighborhood-scale data, might represent not only the immediate
neighborhood, but also neighborhoods of the same type in other parts of
the city. These kinds of stations would provide information relating to

‘10



health effects and compliance with regulations because they would
represent conditions in areas where people live and work.

Neighborhood-scale data would provide valuable information for
developing, testing, and revising concepts and models that describe the
larger-scale concentration patterns, especially those models relying on
spatially smoothed emission fields for inputs. These types of
measurements could also be used for interneighborhood comparisons
within, or between, cities. This is also the most likely scale of
measurement that would meet most of the objectives of city and regional
planners and decision-makers.

4. Urban

This class of measurement would be made to typify CO
concentration over an entire metropolitan area. 5Such measurements would
be useful for assessing trends in city-wide air quality and, hence, the
effectiveness of larger-scale air pollution control strategies,
Measurements that represent a city-wide area would also serve as a valid
basis for comparisons among different cities.

5. Regional

These measurements would characterize conditions over areas
with dimensions of as much as hundreds of kilometers. As noted earlier,
representative conditions in an area imply some degree of homogeneity in
the area. For this reason, the class of regional measurements would be
most applicable to sparsely populated areas, without major settlements.
Data characteristic of this scale would provide information about
interstate transport processes.

6. National

Measurements that defined concentrations on this. scale would
characterize the CO level of the nation as a whole, Characterizing
national CO levels would provide trend data and allow assessment of
national policies. Such data would also be useful for studying
international and global transport processes,

7. Global

Such measurements would provide information useful to the
identification of world-wide trends in CO concentratiom.

The above list categorizes measurements according to the
spatial scale to be representred. Virtually all uses of CO measurements
invulve the characterization of CO concentration on onme or more of these
scales, Some scales would be difficult, and perhaps impossible, to
represent with a measurement at a single site, Thus, there need not
necessarily be a site category that corresponds to each of the above
scales of measurement; some scales will have to be represented as a
composite of measurements characterizing smaller areas.
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C, Relative Importance of the Different Scales of Measurement

Some of the scales of measurement will be more important than

others for at least two reasons, One of these is the number of separate

purposes that can be served by a particular scale. The other reason is
based on a judgment of the relative importance of the purposes that are
served. Most continuing measurements of pollutant concentrations are
used to define air quality, particularly as it relates to the national
primary ambient air quality standards. Accordingly, we have chosen to
emphasize those scales of measurement that are most closely related to
those standards. '

The national primary ambient air quality standards are "those
which, ... based on the air quality criteria and allowing for an ade-
quate margin of safety are requisite to protect the public health,”
(Federal Register, 1971). The emphasis on public health gives the air
quality standards great importance, The emphasis on public exposure is
further shown by the definition of ambient air that is used in connec-
tion with the air quality standards: "Ambient air is that portion of
the atrmosphere, external to buildings, to which the general public has
access," If we accept ambient air quality standards as the major moti-
vation for monitoring, then the ranking of scales of measurement can be
carried out so that the most important scales are those which ‘are most
characteristic of the kinds of exposures that the general population
encounters, Although the air quality standards must be met on all
scales, the emphasis on public health and public exposure is apparent in
the definitions quoted above, and hence it seems reasonable that site
selection should be subject to the same emphasis. Finally, experience
has shown that areas of greater public exposure are more likely to
experience standards violations than are areas that contain few people,
With such factors in mind, the following ranking was developed:

(1) Neighborhood

(2) Middle
(3) Urban
(4) Regional
(5) Micro
(6) National
(7) Global

As noted in the discussion of the various scales of measurement, most
people are exposed to CO concentrations on the neighborhood or the
middle scale. Thus, these two scales should occupy the most important
positions in the list. Many people, over a period of a day or week,
will be exposed to neighborhood and middle scale concentrations of CO.
A mixture of such exposures can be considered as representative of the
urban environment as a whole, and hence the relatively high ranking of
urban scale measurements,

Since it would be virtually impossible to represent the hodge-podge
of neighborhood and middle-scale concentrations with measurements at a

single site, no "urban-scale” measuring station is described in spite of
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its acknowledged importance., We feel that urban areas must be
characterized by networks of stations that describe the range of
conditions within the area.

Another large segment of the population dwells in areas that could
be characterized by regional-scale measurements; therefore, this scale
also deserved a high place on the list. It ranks lower than the urba
scale because "regional" areas will be rural and have lower :
concentrations of both CO and people. Therefore, they are likely to be
less critical,

Since the microscale measurements are, as noted before, of
importance in determining the health effects on only a very limited
class of citizens, it will usually be adequate to rely on middle-scale
measurements for the protection of this group., Other reasons for
relegating this category to fifth place are discussed later, The final
two categories, national and global, are representative of such large
areas that they do not relate to the exposure of the public. There are
also other grounds, which are discussed later, for placing these
categories at the end of the list,

The ranking of measurement scales given above, which is based
specifically on the requirements of national air quality standards, is
the same ranking that would have resulted if the primary rationale had
been public health, because public health is the ratiomale for the.
Primary air quality standards.

The needs of urban diffusion modelers are best met by the first two
scales listed (neighborhood and middle) because the models generally use
emissions inventories of these scales to predict concentrations on the
same scales. Regional measurements will provide the data necessary for
evaluating the performance of models that are designed to describe
larger-scale transport processes.

Preparation of environmental impact statements is becoming an
increasingly important activity that requires CO concentration data.
Since one of the motivations for the preparation of these statements is
to define present air quality, and the potential changes in that air
quality as they relate to air quality standards, it is not surprising
that the most important scales of measurement for evaluating environ-
mental impact are much the same as shown in the above list. The CO
impacts of indirect sources are felt most on the middle- and
neighborhood-scales, Conceivably, very large projects could have urban-
wide or regional CO impacts but CO is not likely to be the worst
pollutant in such instances.

Our survey of the literature suggests that those making microscale
measurements of CO concentration have specialized requirements that
would be difficult to generalize, The users are usually rTesearch
oriented and develop their own criteria, carefully matched to their own
specific aims. The usual requirements associated with microscale
measurements tend to be beyond what we consider to be the primary scope
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of this report—to provide guidelines for siting the more routine, lomg-
~ term monitoring stations. . '

Finally, the last two categories on the list can be relegated to
the end because they are largely redundant. To some extent this is also
true of the urban scale. If the middle- and neighborhood-scale
- measurements have adequately characterized the city's downtown streets,
shopping centers, highway corridors, and meighborhoods, then all the
- necessary information is available for characterizing the city as a
whole., Similarly, if the cities and regions are adequately described,
their descriptions can be synthesized into a national description and on
to the global scale,

The conclusion of the above discussion is that the most important
specific site types can be associated with three scales of measurement:

e Middle
e Neighborhood
s Regional.
The site selection process begins with an identification of the appro-

priate scale of measurement, which is discussed in the next section.

D. Selecting the Required Scale of Representativeness

Table 2 summarizes the most important of the purposes for which
measurements may be made and the relationships between the scales of
measurement. If the relationships were unambiguous and there were only
one scale that were suitable for a given purpose, it would only be
necessary to find the measurepent purpose in the first column, see which
one of the other columns contains a check mark, and proceed to the
appropriate part of Section 1II of this report,

In some instances, the ideal case described above is the one that
prevails, but most often, some subjective decisions are required.
Before proceeding to a discussion of the many less than ideal cases
repyresented in the table, note that the middle-scale class of
measurements has now been subdivided into three special subtypes,

(1) Downtown street canyon—Middle-scale measurements to define
the CO concentrations along streets in areas of dense,
multistory buildings.

(2) Indirect source--Middle-scale measurements to define the CO
concentrations prevailing outdoors along walkways, in parking
lots, and on streets surrounding so-called indirect sources
that do not emit pollutants themselves but they do attract
pollutant emitters, particularly automobiles, Examples
include, shopping centers, theaters, and stadia.
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(3) Corridor—Middle—scale measurements to define the CO
concentrations along major -highway corridors, another kind
of indirect source,

In Table 2, the kinds of measurement that will be required for a
given purpose are indicated by an "X". An "X" ‘enclosed in parentheses
indicates that the needs might be satisfied, in particular cases, by

" temporary or mobile units. Blank spaces have been left where
measurements of the designated scale are not usually very useful,
although there will be exceptions. The purposes for which the
measurement data are to be used are discussed on the following pages.

1. Determine Compliance with Ambient Air Ouality Standards

It can be inferred from the air quality standards that the
mwost jimportant locations for such measurements will be those that com-
bine the highest concentrations with the greatest exposures of
population, Among the more likely locations for such a combination is
the downtown street camyon, which has high traffic densities, confined
spaces between buildings, and large numbers of people present. 1In the
neighborhoods, concentrations may be less, but people spend greater
periods of time exposed to them. Thus, high density residential
neighborhoods are also likely candidates for stations devoted to this
purpose. Indirect source sites are less likely to be required for this
purpose, because of the lower frequency of instances where high
concentrations are reached. Mobile monitors could be used to measure
concentrations when scheduled events are expected to produce high
traffic densities, Corridor measurements may be appropriate where
residences are near heavily traveled highways,

2, Alert Authorities to Existing or Impending Critical
i ions

Traffic jams are most likely to produce critically high
pollutant concentrations in already congested downtown areas, around
indirect sources, or along stretches of freeway. However, the latter
two are poor candidates for permanent measuring sites devoted to this
purpose because of the infrequent or erratic occurrence of such
conditions at locations of those types. As noted before, indirect
source monitoring for purposes of detecting high concentrations could
probably be done best on an "as needed" basis with mobile equipment.
Similarly, when severely congested conditions occur on freeways, mobile
equipment might be brought to the scene via surface streets,

3. Evaluate Results of Control Measures

There are many possible control measures that could be
evaluated. Some are essentially city-wide, such as transportation plan
revigsions or exhaust emission controls. For these, sites characterizing
neiphborhood concentrations are suitable because they will measure the
results of the controls without being unduly influenced by large,
unrelated fluctuations in local emissions. For specific, smaller scale

15



Table 2

SCALES OF MEASUREMENT APPLICAELE TO VARIOUS PURPOSES

Purpose

Applicable Scales of Measurement

Middle

Downtown
Street
Canyon

Indirect
Source

Traffic
Corridor

Neigh-
borhood

Determine compliance
with ambient air
quality standards

(x)

x)

Alert authorities to

existing or impending

critical situations

x)

x)

(xX)

Evaluate results of
control measures

e Hot spots
e City—wide

(X)

(x)

(x)

Determine long-term
trends

« Urban
¢ Rural

Provide information
for developing eval-
vating and refining
air pollution models

(x)

(X)

(xX)

Provide. informarion
for comparisons
among locations of
the same general
class, e.g.,

s Street canyons
« Highways
Neighborhoods
Rural areas

1 6"_

Regional




Table 2 (Continued)

SCALES OF MEASUREMENT APPLICABLE TO VARIOUS PURPOSES

Purpose

Applicable Scales of Measurement

Middl
. € Neigh- | Regional

Downtown
Street Indirect| Traffic
Canyon " Source |Corridor

borhood

7.

Serve as data

base for city and
regional planners
and decision makers

Serve as data base
for environmental
impact statements,
€,8.,

e Highway projects

¢ Transportation
plans

e« Large develop-
ments

¢ Indirect sources

(x) X

(x) (x) b'e

Provide measures of
the magnitude of
sources and sinks

+ Anthropogenic
e Biological

(X) X

10.

Provide measures
of indoor/outdoor
concentration
relationships

(x)

(X) ) X

Note: N - Fixed site

(X) - Mobile or temporary_site
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control measures, monitors that will characterize the middle scale are
more appropriate. The evaluation of some control measures on this scale
will only require monitoring for a limited period of time, perhaps a
week or two in different seasons. Among such control measures are
traffic engineering changes that would improve traffic flow in the
downtown area. Such control measures might require any of the three
types of middle-scale measurement, depending on the facility to which
they were applied,

4. Determine Long-Term Trends

Middle-scale measurements will not be as useful for this
pPurpose as neighborhood-scale measurements because they are highly
influenced by large, and often erratie, fluctuations in emissions over a
relatively small area. When the emissions influencing a location are
averaged over a larger area, then the fluctuations in concentration will
more realistically reflect meteorological factors and changes in
emissions that are more widespread than those that affect the middle
scale. Therefore, the neighborhood— and regional-scale measurements are
likely to be more suitable for evaluating long-term trends in CO
- concentration.

5. Provide Information for Developing, Evaluating and Refining
Air Pollution Models

Inasmuch as air pollution models have been developed or
proposed to describe phenomena on almost any scale, the measurements
required by those models are apt to be of any of the scales. Usually,
those models of smaller scale phenomena—-for example, street canyon
effects or distributions of CO in parking lots or along the edges of
freeways--will use microscale or middle-scale measurements collected
during programs devoted especially to the purpose,

Models describing the distributions of pollutants throughout
the urban area will often make use of available data bases from stations
that are tacitly assumed to represent conditions on the neighborhood
scale, Generally, the appropriate scale of measurements to be used for
model validation studies is approximately the same level of detail as is
used for the emissions inventory that serves as an input to the model.

6. Provide Information for Comparisons Among Locations
of the Same General Class

Often it is desirable to compare CO concentrations in
different neighborhoods in the same city, or similar neighborhoods in
different cities, In such instances, valid comparisons can only be
dchieved between measurements of comparable scales of representa-
tiveness. Similarly, conditions in the downtown street canyons of two
different cities may be compared if appropriate data, representative of
the street canyons, are available. Almost any kind of comparisons can
be made, but they will have more meaning if the types of area repre-
sented by the measurements are known.
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7. Serve as a Data Base for Planners and Decision Makers

The activities of regional planners and other officials making
long-range decisions are usually on the neighborhood scale or larger.
There are exceptions, such as traffic engineers who may be.concerned
with smaller scale phenomena, e.g., traffic flow in the central business
district or congestion at specific intersections, but most long~range
decisions are not concerned with small areas, short segments of
individual streets, or localized activities, but with the distribution
of business, industry, residences, and transportation throughout an
area. If air quality measurements are incorporated inte this level of
the decision-making process, it will usually be on a large-scale,
through the analysis of long-term trends or the use of urban air quality
models.

8. Serve as a Data Base for Environmental Impact Statements

Very often, projects for which impact statements are required
will affect air quality on the middle scale. If the area in which the
Project is to be located is reasonably homogeneous, then neighborhood-
scale measurements can be used to characterize conditions prevailing
before the project is begun., Sometimes it will be necessary to make
special middle-scale measurements for the purpose. For example, if the
project is a highway widening, then corridor-type measurements will be
Tequired in the area where the widening is planned, Similarly, expan-
sion of a shopping area might require measurements of the concentrations
around that indirect source in its unaltered configuration. Preparation
of environmental impact statements will require measures of preproject
conditions and data that will serve as bases for estimating the changes
caused by the project,

9. Provide Measures of the Magnitude of Sources and Sinks

The magnitude of sources and sinks can be estimated from
concentration and wind measurements on the upwind and downwind sides of
the area in question. Comparisons of the fluxes will provide estimates
of the magnitude of an intervening source or sink, Regional-scale
measurements on the windward and leeward sides of a city might provide
some estimates of its larger—scale impact as a source of CO. Emission
rates from smaller sources, such as highways, can also be estimated from
appropriate micro- or middle-scale measurements, but these usually
involve special, nonpermanent facilities as indicated in Table 2,

10. Provide Measures of Indoor/Outdoor Concentration

Relationshigs

Applications of this type will require special, nonstandard
measurements; in particular, indoor observations will be required. The
outdoor measurements may also include nonstandard locations to collect
data representing CO levels near air conditioning inlets., Standard
neighborhood scale measurements will probably be useful for studies of
indoor/outdoor concentrations in residential buildings, but special
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middle scale measurements will be the Tule for such studies with
commercial buildings. e

‘An evaluation of Table 2 suggests that the most important
types of permanent stations are those that characterize neighborhood and
regional scales and the type used for middle-scale concentrations in
downtown areas and along traffic corridors. The following sectioms
therefore emphasize sites appropriate to the representation of regional,
.neighborhood, city center and traffic corridor conditions.
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III SELECTING STATION LOCATION
A, Backgrowmd

The purpose of this section is to provide, as nearly as possible,
step-by~step procedures for locating monitoring stations that will
represent the three most important measurement scales discussed in the

~Preceding section. The form and major steps of the site selection
pProcess are presented in flowcharts with accompanying discussion. To
avoid obscuring the steps of the procedure, this section includes little
justification for specific recommendations; this has been deferred to
the next section of the report, Similarly, sources of the special data
or analytical tools that may be required during site selection processes
are not discussed extensively in this section; the appendices can be
consulted for such information, :

The different procedures to be used in selecting sites are
presented below in an order that proceeds from large— to small-scale
representation.’” This is the same order that would arise if the
procedures were organized according to increasing complexity.

B. Regional Stationsg

Figure 2 is a schematic diagram of the site selection process for a
regional-type station. The process reflects the fact that such stations
may be used to estimate the CO concentrations entering an urban area.
The selection process also reveals that siting criteria for the
establishment of a single station will differ from those used for more
than one station.

The site selection process begins with acquisition of the necessary
background material. This material is to be used as a basis for the
judgmental decisions that are required during the selection pProcess.

Two basic kinds of information are required: geographical and clima-
tological. The geographical material is used to determine the distri-
bution of natural features -- forests, rivers, lakes ~— and the works of
man. Useful sources of such information include: road and topograph-
ical maps, aerial photographs, and satellite photographs, particularly
those from the Earth Resources Technology Satellite (ERTS). Naturally,
the site selection process is one that winnows out unsuitable regions
and proceeds to fewer and smaller areas. Thus, the photographs and maps
will generally be used in an order that proceeds from those that depict
large areas, such as shown in an ERTS photograph like Figure 3, to those
that show smaller areas in greater detail, like the aerial photograph in
Figure 4,

21



Acquire necessary background material
1. Regiomal meps and serial
photographs showing
a. Topography
b. Settlements
. Major highways
2, Climatological information
a, Wind roses
b. Dilution climate
(Holzworth, 1970)

1

Is statiom to define regional concen-
trations or background concentrations
for a specific cicy?

‘ Background for specific ci:fj) <: Regional concentrations ’

Will there be more rhan one
monitoring station?

Two (or more)
stations

One starion

Select rentative siting Select tentative Siting Selact tentative siting
area about 35 km or more areas that are about 35 area, about 35 km or more
downwind for the least km or more upwind for the from major metropolitan
frequent direction, Sites two most frejuent wind areas; in direction of
should be at least 5 km directions. Add other low wind frequency from
from any major intercirty sites for other cardinal nearest city, at least 5
roadways in a region of directions. Sites should km from major intercicy
reasonably uniform be at least 5 km from anmy roadways in a region of
topography. major intercity roadways reasonably uniform

in a region of reasonably topography

uniform topography, :

L +

Eliminate specific sites in low lying
areas, within about 5 degrees of
alignment with major highways, and
within about 400 m of any roadways
with traffic greater than a few
hundred vehicles per day,

Locate specific sites. Inlets at 3-10 m.
Supplemental monitoring: wird,

5A-3515-27

FIGURE 2 SCHEMATIC DIAGRAM ;OF A PROCEDURE FOR LOCATING
REGIONAL STATIONS
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SOURCE Dasbberdt and Davis, 1972_

FIGURE 4 AERIAL PHOTOGRAPH OF A RURAL AREA
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The climatological summaries of greatest use are the frequency
distributions of wind speed and direction. This information will
usually come in one of two forms. One of these is a tabulated joint
frequency distribution like that showm in Table 3, an example of the
material that is available from the National Climatic Center, The wind
rose is an easily interpreted graphical presentation of the directional
frequencies. Examples of wind roses are shown in Figure 5, from the
National Climatic Aclas (National Oceanographic and Atmospheric '
Administration, 1968)., Other types of useful climatological data are
also available but, generally, are not as directly applicable to the
site selection process as are the wind statistics. These summaries are
discussed in Appendix C.

Table 3

EXAMPLE OF A TABULATED WIND SUMMARY

PERCENTAGE FREQUENCIES
OF WIND DIRECTION AND SPEED:

HOURLY OBSERVATIONS OF WIND SPEED

H 1 mLES PER MOURD X AV.

¢ DMECTION ! : T 7 — o -
! ,0-3 147 oz u-\l.w-:al:s-!li:ra;:'-u ovEr TOTaL

IN e 1, 2. 1 e« ! 4116
NNE s 1] 20 10 e 4 l 4 (1005
‘NE o+ 1l 3] 20 e o+ l 6(11.7
ENE o+ 1 2] 10 + 4'11.4
£ + 1 1] ! 3| 9.0
{ESE | 1l 1) e 2| 846
ISE e 1) 2] 1 +| o+ ! 4| 849
SSE + 1 2 1+ + ! 4 (11.0
3 10 2 2! 3 2 1| +f 10 [13.3
SSW + 1.0 10 3 2| 1| ] 8 (144
Sw +0010 10 3, 2| 1) | + 8 (1545
WSW + 1 3 4, A 1] + < 1 + 0 144173
W + 1 3, 5| 31 +| ¢+ +l "1 12 1543
WNW + 1, .2| 3 1| e 71646
NW o+ 10 21 2 1 + | \ 6 (13,1
NNW +0 010 11 o+ e [ : | 4 (1240
CALM + ' ; : +
JOTAL 4 13 30 30:17' 5, 1! + +{1oo 13.5

Source: National Climatie Center
Asheville, N. C.
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After the background material has been assembled, a decision must
be made regarding whether the monitor is to be used to supply informa-
tion on CO concentrations that enter a specific city, For selecting a
purely regional site, maps or satellite photographs should be used to
identify general areas that are suitable for locating such stations.
Uniform topography is desirable. The climatological information should
be incorporated into the selection process to determine those areas
-which will be least frequently downwind of the closest major urban
areas, especially during periods of low wind speed. If possible, the
prospective siting areas should be at least 35 km from that urban area
as illustrated in Figure 6. It also illustrates the fact that the
siting area should not be within about 5 km of the nearest major
intercity arterial,

The requirements for regional stations that will provide data on
the background CO concentratioms entering an urban area are much the
same as for the purely regional site described above. In fact, if only
one background station is being established, the requirements are
identical. If more than one upwind urban background site is planned,
then the potential siting areas should be chosen to be upwind for the
two most frequent wind directions. Figure 7(a) illustrates this
schematically. If the two most frequent wind directions are within 90
degrees of éach other [Figure 7(b)], then the most frequent direction
will be used, along with the most common direction from among all those
that are more than 90 degrees different from it, as Figure 7(b)
illustrates. Any prospective siting area should be mwore than 5 km from
the nearest major intercity arterial road.

Once the general siting area has been selected, a winnowing process
begins, Low-lying locations are unsuitable, as are sites that are
located within about 5 degrees of alignment with extended straight
highway segments, as shown schematically in Figure 8, The monitoring
site should not be too close to any road that has more than a few cars
per day traffic; specifically, no road with a few hundred cars per day
should be within about 400 m of the site.

The monitoring site should be in an area, open sufficiently that
the air is not likely to stagnate, 1In farmland or other open areas,
this will be no problem. In a forested area, a clearing would be desir-
able; if none is available, then the inlet could be raised a few nmeters
above the tops of the surrounding trees. In most instances, the inlet
height at the site finally selected can be between about 3 and 10 m
above the surface although 3 m is the most desirable. Figure 9 illus-
trates a typical site that might be used for regional CO monitoring.

A CO monitoring site can also be used for measuring other environ-
mental factors that are related to the air pollution problem. In
particular, winds are quite important, and they should be measured at a
height of about 10 m above the general level of the surrounding surface.
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SA-3515-8

FIGURE 7 SCHEMATIC DIAGRAMS OF APFROPRIATE SITING AREAS FOR REGIONAL
MONITORS WHEN TWO SITES ARE PLANNED
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In open fields this means 10 m above the ground; in a heavily forested
area, the anemometer should be that distance above the general forest
canopy.

c. Neighborhood Stations

A schematic diagram of the procedures used to select a neighborhood
m-oitoring station is shown in Figure 10. As with a regional station,
the first step of the selection process for neighborhood stations is the
acquisirion of necessary background materials. Climatological informa-
tion will be required, especially a joint frequency distribution of
winds and atmospheric stability. This is provided by the output of the
National Climatic Center's "STAR" program, which is described in more
dvtail in Appendix C.

Aerial photographs and topographic maps will also be useful, Maps
that describe the land use more specifically than conventional maps will
provide valuable input to the selection process, Often such maps are
only available for study in the offices of the planning agency.

Finally, maps, or other sources, showing the distribution of traffic on
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SA-3515-10

FIGURE 10 SCHEMATIC DIAGRAM OF A PROCEDURE
FOR LOCATING NEIGHBORHOOD
MONITORING STATIONS
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arterials are necessary. An example of this kind of information is
shown in Figure 11,

If the type of -neighborhood to be Tepresented is characterized by
relatively tall, closely spaced buildings—that is, the typical streets,
or other open areas between buildings being less than twice the building
heights——then the procedures used to locate a middle-scale monitoring
station, such as a street canyon site would be more appropriate to the
Problem than those given below, :

After acquiring the necessary background materials, the next step
is to use the maps and aerial photographs to-identify neighborhoods of
the type that are of concern to the particular monitoring objective.
Aerial photographs of two different kinds of residential nmeighborhood
are shown in Figure 12, Figure 12(a) shows an area that was built more
recently than that shown in Figure 12(b), with its more mature trees and
shrubbery, A section of a topographic map corresponding to Figure 12(b)
is shown in Figure 13,

After potentially suitable CO monitoring areas have been identifjed
on a map, a simple numerical simlation model can be applied to provide
an estimate of average CO concentration over the city. Several suitable
models are avaliable, but probably the climatological dispersion model
(CDM; Busse and Zimmerman, 1973) would be easiest to apply; its required
inputs are the output of the STAR program referred to earlier and an
inventory of traffic data converted to CO emission rates in grid squares
throughout the city, If computational facilities are not available,
then the emissions inventory itself can serve as an approximation to
average CO distributions, because of the close relationship between
concentration and nearby emissions: see Section IV, D.

If time and resources are available, a program of bag sampling
would be highly desirable to provide better data on the relative
concentrations in the various candidate neighborhoods. Ott and Mage's
(1974) statistics suggest that about 25 samples (24-hour average) at
each location would be sufficient. The samples should be collected on
random days over a period that will include the annual climatic
extremes, When the estimated spatial distribution of average annual
concentration—-either from modeling or measurements——has been completed,
it should be compared with the map showing candidate Heighborhoods. If-
the objective of the monitoring is to obtain data for the particular
neighborhood that is likely to have the highest average CO concentra-
tions among all the neighborhoods of the chosen type, the measured or
modeled average CO distribution will serve to identify the appropriate
area. 3Similarly, the distribution of average CO concentration can be
used to judge which of the candidate neighborhoods is nearest the
average for all of them,
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1970
TRAFFIC MAP
OF
ST. Louis
5T. LOUIS COUNTY _

NOTE: Figures represent estimated average annual two-way weekday traffic
volumes.

SOURCE: Preparsd by the Missouri Stste Highway Department Division of

Planning in cooparstion with *ha U .S, Depsrtment of Transporta-
tion Fuderal Highway Administration.

i TA-8563-128
FIGURE 11 PORTION OF A TYPICAL TRAFFIC MAP

34



The above discussion represents rather minimal preparatory efforts
in the site selection process. Obviously, modeling is subject to
considerable uncertainty, which can be reduced by a limited sampling
program., Even the limited sampling program only provides estimates of
average CO concentration and averages do not allow as complete a
comparison among sites as would be desirable, A more extensive sampling
program could determine more reliable frequency distributions which
would be better bases for comparison.

Once the neighborhdods that most nearly meet the monitoring objec—
tives have been identified, then more specific locations must be
selected., These locations must be at least 2,500 m from the nearest
highway carrying 50,000 or more vehicles per day. This spacing will
limit the contribution of the roadway to less than 1 ppm. Lower traffic
volumes will allow for closer spacing, An example of the calculation of
a roadway's contribution is presented in Section IV, The inlet must be
at least 35m from any local street having peak traffic of about 800
vehicles per hour. Here again, a limited bag sampling program could be
undertaken to define gradients (especially horizontal) in the area. If
the gradients are very strong, then a location more distant from the
nearest street might be required. Conversely, weak gradients. would
allow closer placement. The inlet should be at a height of 2.5 to
3.5 m. . '

Some auxilliary measurements are desirable for a neighborhood
station, such as wind, As for the regional sites, the anemometer should
be placed about 10 m above the general level of the surroundings; it
should be well away from any structures of comparable height, Traffic
counts on one or more of the nearby streets would provide valuable
supplemental information for interpreting anomalous CO readings.

D. Middle-Scale Stations

1. General

As noted earlier, this report considers three specific types
of monitoring site for measuring middle-scale CO concentrations. These
are:

« Street canyon
+« Roadway or traffic corridor
« Indirect source,

Only the first two of these are considered in detail because indirect
source monitors are most likely to be needed for special studies of
limited duration. Thus, this section provides a detailed procedure for
selecting a street canyon and traffic corridor monitoring locations, but
provides only guidelines for locating monitors that will determine
concentrations around the parking areas of indirect sources,
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P Street Canyon Sites

The first step of the selection process (see Figure 14) is to
acquire the necessary background informationm. This includes the average
daily traffic on all the streets in the area, wind roses for differenr
hours of the day, and maps showing one-way streets, streaet widths, and
building heights. These can be obtained from land use maps or by having
personnel survey the area and estimate a typical height for each side of
each block. Hourly weather observations for a Year from a nearby U,S,

-weather service station will be necessary in some cases,

As indicated in Figure 14, there are two basic monitoring
objectives for this type of station. One is to typify the worst
conditions to which the public is Tegularly exposed in the area, and the
second is to typify conditions throughout the area.

If the station is to typify the area with highest
concentrations, the streets with the greatest daily traffic should be
identified. If some of streets are one-way and if local traffic
authorities say that they have an asymmetric distribution of daily
traffic (i.e., one of the two rush hour periods has much greater traffic
volumes than the other), those streets that have their greatest traffic
during the afternoon and evening hours should be selected as tentative
sites, because the periods of high traffic volume are usually of
greatest duration through the evening hours.

When several blocks have been selected as candidates, then the
simple computer model described in Appendix A can be applied to each of
the tentative locations to determine which is likely to have the highest
eight~hour average CO concentrations, If the necessary computational
facilities are not available to apply the model, the equations in
Appendix A, describing street canyon CO concentration, can be applied,
using the most frequent wind direction for the rush-hour period (or
periods) of the day. As with the computer model, the object is to
determine the block and the side of the street in that block where
highest CO concentrations are likely to occur.

If the monitoring site is supposed to typify the entire
downtown area, the average daily traffic should be calculated based on
all the importan: street segments in the area, Select those blocks where
the daily traffic is nearest the average for the whole area. If
possible, avoid street segments that have radically different widths or
building heights from those typical of the area.

Attempt to select only two—way streets or one-way streets with

similar traffic volumes in the worning and afternoon, If there are no
such streets with near-average traffic, attempt to find a pair of
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FIGURE 14 SCHEMATIC DIAGRAM OF A PROCEDURE FOR LOCATING STREET
CANYON STATIONS
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streets forming adjacent sides of the same block, as shown in Figure 15
(a), and having near-average traffic. The peak traffic should occur
during the morning on one of the two streets and during the afternoon on
the other. Figure 15(b) illustrates such a case, with the two streers
having peak traffic at opposite ends of the working day.

The next step is to study the frequencies of the various wind
directions, If they are distributed with reasonable symmetry about some
axis, select a street nearly parallel to that axis. For example, in
Figure 5, Salt Lake City, Utah, has a reasonably symmetric wind rose
with an axis of symmetry running approproximately north-northwest to
south-southeast. North-south streets would be sufficiently parallel to
this axis to satisfy the requirement. Most, but not all, of the wind
roses in Figure 5 are nearly Symmetric; Albuquerque, New Mexico, and
Kansas City, Missouri, are examples of asymmetric wind roses,

The Weather Service station for which wind frequencies are
available may not always be typical of conditions in the part of the
city where the site is to be located, especially in regions with complex
topography. Therefore, it will often be wise to seek advice from local
meteorologists and make adjustments where necessary.

If data are available showing directional frequencies as
function of wind speed, as in Table 3, then the frequencies at the lower
wind speeds should be more heavily weighted in the site selectiom
process than those at higher speeds. This is because the lower wind
speeds will usually be associated with higher CO concentrations.

If typical concentrations are sought, some consideration must
be given to the strong gradients that occur in street canyons, To
minimize the effects of these gradients, it is desirable to have a
street where the wind blows with equal frequency from the opposite sides
of the street, that is the street should be aligned with the axis of
symmetry of the wind rose., In such a case, the side of the street on
which the inlet is located is of less importance., Another alternative
is to use more than one inlet, placing them on opposite sides of the
Street, or in extreme cases, on more than one street, as shown in Figure
15, to compensate for asymmetries in the daily traffic cycles on one-way
streets. If multiple inlets are used, the air flows must be the same
through each.

A limited program of bag sampling can be used to check whether
the tentatively selected locations are indeed representative of
conditions in the downtown area. Such a program could also be used to
find other representative locations that were more convenient for one
vreason or another; for example, sSpace might be more readily available
and less expensive, security might be better, and so forth.
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. The actual location of the inlets should be at a height
between 2.5 and 3.5 m and over the center of the sidewalk, but not
closer than about 2 m to the buildings, The locations should not be
‘closer than 10 m to a cross street to better typify conditions in the
larger spaces between intersections. Before finally selecting a
location, at least several days should be spent observing activity
around that location to make sure that vehicles do not commonly gtop and
spend extended periods of time idling. Bus stops, loading zones, and
areas where lines of cars form regularly should be avoided. Figure 16
illustrates how a downtown street canyon sample inlet might look. The
anemometer is shown because this inlet was used as part of a special
study in which winds in the canyon were also measured.

A vehicle counter would be a valuable instrument to use in
conjunction with the CO monitor. It would provide information that
could be used to interpret the records of CO concentration and to
identify unusually heavy traffic conditions. Wind measurements in a
downtown area are very difficult to obtain without some bias introduced
by surrounding buildings; therefore, wind measurements would not have
high priority.,

3. Roadway or Traffic Corridor Sites

a. Long-term monitors

The site selection procedure for traffic corridor sites
is shown schematically in Figure 17. The procedure is very similar to
that suggested for selecting street canyon sites, It begins, as should
all site selection, with the acquisition of background informationm,
€.g., traffic data, street maps, and climatological information, A
decision must also be made whether the purpose of the monitor is to
determine the highest carbon monoxide concentrations in the vicinity of
roadways, or to monitor more typical conditions. TIf the purpose is to
characterize a high concentration road segment, then the monitor should
be located near an area of maximum traffic volume, and on the side of
the roadway that is most frequently downwind, especially during periods
of 1light winds.

If the monitor is supposed to characterize concentrations
typical of those found near roadways in the area, then_ average traffic
volumes will be sought. The roadway should parallel the axis of
svmoetry of the wind rose, if possible. (The concept of symmetry of
wind roses was discussed in connection with the selection of street
canvon sites.) 1If it does, then the monitor can be placed on either
side of the roadway. The basis for selecting one side over the other
might be convenience, or greater population exposure,

If it is not possible to locate an appropriately aligned
and traveled roadway, then it would be desirable to place inlets in both
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sides of the roadway to obtain average concentrations, This may be more
difficult than for street canyons, but it should be possible to use
.existing supports for road-sigms, or to use utility poles so that the
inlet tubing can pass over the highway at a height where it will not
obstruct traffic. s

. To this point, the discussion has dealt only with siting
in the viecinity of roadways that are at, or below grade. Elevated
roadways present some special problems and their differing heights
introduce effects that make site selection for the long-term monitoring
of highest concentrations or of typical concentrations nearly
impossible, However, special surveys can help to describe CO
concentrations in the vicinity of specific sections of elevated roadway
and the relationships of these concentrations to meteorological and
traffic factors. Siting for such special sites is discussed in the next
section. Special, short-term surveys can also provide valuable
information for the selection of sites for the long-term monitors.

Once a gemeral location for a monitor has been selected,
the inlet should be placed at a height of 2.5 to 3.5 m, outside the right-
of-way. 1If the purpose is to characterize the typical population
exposure, then the site should be at a distance from the roadway. that is
about equal 'to the average building setback from the roadway. If a
worst example is sought, then the monitor should be as near the edge of
the right-of-way as possible.

Finally, monitors should not be placed in the vicinity of
possibly anomolous source areas, Examples of such anomolous areas
include toll gates on turnpikes, metered freeway ramps, and drawbridge
approaches. Traffic counters mear the monitoring site will provide
valuable data for interpreting the observed CO concentrations. An
anomometer will also provide valuable corollary information that can be
used to determine the extent to which traffic emission might have been
carried toward the monitor.

b. Special Surveys

The preparation of enviroumental impact statements (EIS)
for highway projects often requires fairly detailed descriptions of CO
concentrations in their vicinity. The California Department of
Transportation (formerly the Division of Highways) has developed methods
for assessing the air quality impacts.of highway projects (Beaton, et
al., 1972). These methods are generally quite comprehensive and the
documents should be consulted for solutioms to monitoring problems of
this sort.

In general, the effects of highways at or below grade are
most pronounced within about 100 m of the edge of the highway.,
Measurements made within this distance will usually suffice to define
the important impacts. Bag sampling is efficient because it allows
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samples to be collected at several points while requiring only one CO
analyzer. Figure 18 shows an elaborate array of bag samplers used to
measure the emission, transport, and diffusion of CO in the viecinity of
a divided higinay (Dabberdt, 1975), Each of the barrel-like containers
shown in the figure holds several bags, which are sequentially filled.
In this experiment, CO concentrations and winds were measured at several
elevations in the immediate vicinity of the road.

Bags filled over a period of an hour would provide
samples compatible with the short-term air quality standard. Of course,
most of the samples should be collected on the downwind side of the
highway, but at least one sample should be collected upwind of it,
Several samples should be taken on each side of the road when winds are
nearly parallel to it. Inlets should normally be 2.5 to 3.5 m above
ground unless the special, three~dimensional characteristics of the
diffusion processes are being studied,

For elevated roadways, samples should be collected in the
vicinity of the maximum concentrations that are likely to occur. The
expected locations of the maximum values can be most easily estimated
from graphs, based on numerical modeling, prepared by the California
Division of Highways (Beaton et al,, 1972e). An example of one of these
graphs is given in Figure 19. The sampling network would be arranged to
correspond to the atmospheric stability and wind prevailing during. any
given test,

4. Indirect Source Sites

The monitoring of CO concentrations in the vicinity of an
indirect source will most often be for a special purpose and of limi ted
duration. To establish prevailing conditions before the indirect source
is built, a site of the neighborhood or regional type would be required
and the siting requirements would be the same as for any other sites of
those types,

To determine the CO levels at an existing indirect source, a
combined program of modeling and sampling would be desirable. The
modeling would provide information on the areas where the greatest
concentrations and the most typical concentrations are to be expected.
Models havé been developed to describe CO concentrations around indirect
sources. (See, for example, Sandys et al., 1975; Patterson and Record,
1574.) A bag sampling program would pProvide similar information from
measurements of the actual concentration distributions that occur in the
indirect source regiomn. Such information would be required if a more
bPérmanent monitor was planned. Patterson and Record's (1975)
measurement program around a Chicago’ shopping center will provide the
reader with some insight abour what is required to define CO
concentrations around an indirect source,
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As is true for the selection of sites for other kinds of
monitors, a decision must be made whether to monitor the highest CO
concentrations or to monitor concentrations that are more nearly
representative, Once that decision is made, the modeling and bag
sampling results can be used as a basis for selecting specific sites.
The procedures will be similar to those described for other kinds of
sites. If a representative measurement is desired, the use of multiple
inlets should be considered seriously. An inlet height of 2.5 to 3.5 m
is recommended,

E. Other Types of Stations

The preceding sections have dealt with the location of stations to
monitor CO on the regional-, neighborhood-, and middle-scales. Micro-,
urban=, national-, and global-scale measurements were not discussed.
The following sections present brief discussions of these other scales
and some of the factors that bear on the representation of their CO
concentrations,

1. Microscale

Every experiment that requires microscale measurements is
likely to differ from every other such experiment, and so it is not
possible to establish a single set of criteria for this kind of
measurement, However, there are some areas of commonality. Microscale
measurenents are often made in connection with the study of some
particular physical phenomenon, The phenomenon will often have
definable dimensions and the measurements must be made at locations
spaced closely enough to define its significant features, Perhaps, the
best way of understanding this is through the use of specific examples.

If one is concerned with the behavior of CO emissions within a
street canyon, it is easy to defime the overall dimensions of that
problem, because the canyon is confined by the street and the buildings
on either side of the street. Measurements must be made at enough
points within these bounds to define the processes that are taking
place. Figure 20 shows one array of inlets that has been used to study
street canyon processes, This array was established to determine the
transport in the street canyon of CO emitted at ground level, It was
hypothesized that during times when winds blew across the street,
relatively clean air flowed down ome side, across the street (becoming
more contaminiated by the emissions), and then up the other side of the
street canyon, Since the evidence indicated that there was a helical
¢irculation around the street canyon, the inlets were placed around the
edges to the extent possible—obviously inlets cannot be placed at
street level where there is traffic, so they were located as low as
feasible.
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Figure 21 illustrates another drray of microscale samplers.
In this instance, the objective was to study the behavior of pollutants
in the vicinity of a major divided highway. A phorograph of part of
this array is shown in Figure 18, The initial rapid mixing that is
caused by vehicular turbulence was of particular interest. An estimate
had to be made concerning the volume that might be expected to be
affected by such turbulent mixing. The array shown in Figure 21 is a
reflection of that estimate; the several towers defined the expected
vertical and horizontal extent, The placement of the towers and the
samplers is the final compromise achieved by the exXperimenter between
‘the desire to measure at as many places as possible and the limitations
imposed by traffic and experimental resources.

The two examples given above illustrate the importance of
defining the scale to be studied through microscale measurements. In
the above cases, the total area was rather small., If the distributions
of CO in a large parking lot were to be studied, the dimension of
interest would expand to those of the parking lot and the measurements
would probably be spaced at intervals comparable to the zones into which
most parking lots are divided.

Note that microscale measurement programs will generally
require a considerable number of corollary measurements to provide all
the information required for proper interpretation of the CO concentra-
tions. In the examples discussed earlier, this corollary information
included winds and turbulence, traffic, and vertical temperature
profiles. The physical relationships that are studied will define the
required parameters for any particular case.

2. Urban and National Scales

It is probable that there will be no single site in a large
urban area that will represent conditions throughout the city., The
obvious approach to this problem is to combine measurements from a
number of individual stations through simple averaging, but this can
provide misleading results. Better results could be achieved through
weighted averaging of the individual measurements, with the methods used
for this weighting determined by the objectives that are to be met by
the derived measure of urban CO concentration. Although a weighted
average might not be appropriate to the purpose of determining
compliance with air quality standards, it could be quite useful for
comparing CO concentrarions in cities of different types.

To define an average CO concentration over the area, each
individual measurement would be weighted according to the total area it
represents. For instance, measurements from a neighborhood site would
be weighted proportionally to the area of the neighborhood(s) that it
represents., Similarly, if health effects are important, the weighting
of measurements from a given station might be based on the population
exposed to concentrations like those represented by that station.
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Hence, a downtown street canyon site would be weighted according to the
number of people on the downtown streets at the time of the measurement ;
data from neighborhood sites would be weighted by the numbers of people
living in the neighborhood, :

The above examples have been presented to illustrate factors
that might be important in defining an "urban scale" CO conmcentration.
The importance of objectives had already been emphasized in conmnection
with the selection of individual sampling sites. The examples given
above indicate that the objectives are also important in the
interpretation of the data and in the synthesis of measures of total
urban area CO-concentration, '

" Similar arguments can be applied to measures of matiomal
levels of CO as were just applied to the urban scale. The synthesis of
4 national measure from regional and urban measures could be
accomplished through weighted averaging, with the weighting methods
dependent on the objectives,

3. Global Scale

To a large extent, the atmosphere itself will accomplish the
averaging that is necessary for assessing global scale CO concentra-
tions, If the station is sufficiently remote, the contributions of
sources and sinks will be "averaged" by thorough mixing in the air.

This report does not address the definition of "sufficiently remote" as
it applies to global sites. Note, however, that the site should
probably be remote from sinks as well as from sources, the problem being
complicated by a lack of understanding and identification of the sinks
for CO in the atmosphere.
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IV RATIONALE FOR SITE SELECTION CRITERIA

A, Background

The site selection procedures contain some very specific recommenda-
tions concerning such things as spacing between monitors and sources or
the heights of inlets. The recommendations have been derived through a
variety of methods. In most cases, an a priori judgment is required
during some phase of the process. The objective of this work has been
to make those a priori judgments-as recognizable and consistent as-
possible. This section presents the reasoning and judgments that were
used to arrive at the recommendations.

In some cases, such as the recommended heights of inlets, the
choices are straightforward. The importance of population exposure to
CO concentrations demands that the air be sampled at average breathing
heights., However, practical factors, like prevention of vandalism and
the potential obstruction to pedestrians, require that the air samples
be higher—hence, the recommended 3 m which is an admitted a priori
compromise between these two requirements, The recommendation of a
range of heights about 3 m requires some analysis to translate the
specified range of heights to corresponding measures of the representa-
tiveness and the spatial variability of CO concentration. In those
latter terms, the a priori judgments are much easier.

Similarly, the recommended spacing between sites and specific
sources is clearly understandable if it is restated in terms of the
expected maximum contributions of the source to the measured CO concen-—
trations at the site, Thus, we have decided on acceptable levels of
interference by a specific source and proceeded to find the minimum
spacing between the source and the monitoring site where that level is
not likely to be exceeded.

Some of the procedures require other kinds of justification. For
instance, potential street canyon sites are identified on the basis of
traffic on the streets in the area, The recommended procedure tacitly
uses traffic volumes as a surrogate for CO emissions and CO concen—
trations,

By spelling out the reasoning and the assumptions behind the
choices that have been made, it should help others to make rational
decisions in cases where their requirements are not met by the
recommendations of this report.

Finally, a word about the organization of the following material;
it does not parallel the organization of the preceding section.
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Instead, it is divided according to the important questions that must be
answered for every station: inlet height, distance from specific
sources, and so forth, In general, this allows us to present a specific
line of reasoning and then procede to show how that line of reasoning
applies to each of the different station types.

B. Inlet Locations

It was recommended that inlets for most kinds of sampling should be
at a height between 2.5 and 3.5 m. The choice of 3 m for the median
height has already been explained as as compromise between
representation of breathing height and prevention of vandalism.

The recommended l-m range of heights is also a compromise to some
extent, For consistency and comparability, it would be desirable to
have all inlets at exactly the same height, but practical considerations
will often prevent this. Therefore, some reasonable range must be speci-
fied and 1 m should provide adequate leeway to meet most requirements.

The variability of CO concentration with height in a street canyon
is sufficiently large that the representativeness of the measurements
will be strongly affected by variability of the inlet height. Figure 22
based on observations by Georgii et al (1967) shows vertical gradients
of CO concentration from about 0.3 ppm/m to 0.5 pPm/m in the lower
levels of a street canyon. Similar gradients are evident in Figure 23
from Ludwig and Dabberdt (1972). The gradients will depend on traffic
emissions and on street canyon dimensions, but available observationg
and the empirical model presented in Appendix A suggest that hour-~
average vertical gradients of 1 ppm/m are quite possible, A 1 m range
of inlet height then corresponds to a Tange in concentrations of about 1
pPpm or less., This seems a reasonable value for measurements in this
kind of environment. The reasonableness of the 1 ppm range can be
subjectively judged by comparing it to air quality standards—it is
about 2 or 3 percent of the one-hour standard and about 10 percent of
the eight-hour standard.

The inlet heights for neighborhood and Tegional monitoring
stations were also specified to be between 2.5 and 3.5 m, although
regional monitoring inlets up to 10 m above the surface were specified
as acceptable. The objective ig to obtain measurements that are
consistent with the street canyon type measurements and are taken as
near as practical to average breathing heights., As is the case with the
Street canyon monitors, we would like to minimize differences from the 3
W concentrations. Since most CO is emitted near the surface from line
sources (roads and streets), it seems reasonable to use equations for
ground~level line sources to evaluate the variability of concentrations
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in the vertical., The commonly used Gaussian formulation for such
sources is as follows (e.g., see Turner, 1969):

The relative change of concemtration, C, with height is given by:

1 aC z
. C oz cz’
Where
C = =

Z 2
exp =-0.5 (—
\ ug, sin @ (Uz)

C = concentration (g/ m®)
Q = source stremgth (g/m s)
u = wind speed (m/s)

o, = standard deviation of a Gaussian plume in the vertical,
a function of downwind distance, x (m) :

¥ = angle between wind and line source; validity of
equation degrades for ¢ < 45 degrees

z = height to instrument inlet (m),

We have specified minimum separations between monitors: and line
sources, the bases for the recommended separation are discussed later,
but for now it is sufficient to note that minimim distances from
neighborhood monitors to major roadways should be about 2 to 3 km and to
smaller streets about 30 to 40 m. In general, roadway sites will be 15
m or more from the roadway center., At such distances, g, will be about
5 m or more in urban areas (see for example, Jolmson et al., 1972;
Ludwig, et al., 1975); thus, at z = 3 m the variation of concentration
with height should be about 10 percent/m or less. This is the
variability caused by the closest sources; CO from more remote sources
will be more uniformly mixed, thus we can be assured that concentration
variations associated with a 1 m range of inlet height should be limited
to a few percent of the overall concentration.

Minimum separations bétween regional sites and major line sources
should be about 5 km. Rural diffusion proceeds so that ¢, will be about
30 m or greater at these distances (e.g., see Turner, 1969)., Over the
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acceptable range from 3 to 10 m, the variation in observed concentra-

- tions should be limited to a few percent, as in the city. Nevertheless,

the preferred height is still 3 m, and should be retained as nearly as
possible, .

-It has been recommended that street canyon sensor inlets be
located, at least 10 m from the intersection., The choice of midblock
locations over intersection locations was made because intersections
represent a much smaller portion of downtown space than do the streets
between them. The pedestrian exposure times are probably also greater
in street canyons than at intersections. Finally, the practical diffi-
culties of positioning inlets are less at midblock locations than at an
intersection. Of course, some special studies might want to place the
sensor inlet so as to detect the effects of queuing at the intersection,
but most purposes will be better served by more representative locations
back from the intersection. Some observations made in St. Louis street
canyons (Ludwig and Dabberdt, 1972) suggest that there is a reasonable
uniformity of CO concentration throughout the part of the block that is
more than 10 m from the intersection. This figure has been used as a
guide,

C. Minigum Separation Between Monitoring Sites and Sources

In determining minimum separation between a monitering site and a
specific source, the presumption has been that the neighborhood or re-
glonal measurements should not be unduly influenced by any one source., A
subjective judgment is required as to what constitutes undue influence,
There are at least two bases for making that judgment. A maximum concen-
tration value can be assigned and the separation between the monitoring
site and all sources should be such that the contribution from any one
source does not exceed the assigned maximum. The other approach is to
examine the disturbance in the concentration gradients caused by sources
and assign a maximum allowable gradient from any given source. Both
approaches were tried in conmnection with roadway sources and are dis-
cussed below. 1In the examples that follow, typical emission rates have
been assigned, These are based on typical CO emission values for
vehicles during the early- to mid-1970s and on perusal of traffic maps
and other documents to obtain reasonable values for average daily
traffic,

The line source equation that was pPresented earlier and served as a
basis for estimating vertical variability can also serve as a basis for
determining the minimum separations thatr are required between sources
and monitors. Only a very small error is introduced if we assume that
the sources and the monitor inlets are at the same height. The equation
then simplifies to:
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As noted before, if a monitoring site is to be representative of a
fairly large surrounding area, the contributions from any one source
should either be small or the gradients of those contributions should be
small. That is, one of the following inequalities should be satisfied:

KN
van ucrz_sin P < Cmax

or

»

1 ocC 1 ac
€ 9(xsin @ |~ o,sin ® ox|< Cmax

where Gp,y is the desired maximum of relative gradient of concentration
away from the roadway and Cp_y is the maximum allowable contribution to
the concentration. Johnson et al. (1971) have suggested that in urban
areas o_ can be related to x by an equation of the following form:

Oz = axP
Thus
ﬂ = abx(b-l)
ox
and the two inequalities become
= <C ’ b < G
uax? 2n sin P max xsin @ nax

At this point, some values must be assigned to the terms so that some
reasonable values can be chosen for the minimum distance (x sin ¢ ) from
the roadway, at which at least one of the criteria can be satisfied.

The following values have been chosen as reasonable for major urban

roadways: Q=0.07g/m s

Note, that this corresponds to about 10,000 vehicles/hr,* emitting about
40 g/vehicle-mile.

© = 40 degrees

|4
]

1 m/s
Cmax = 0.001 gm/ m? (approximately 1 ppm)

G

max = 0.0002/m (20 percent/km)

* Peak hour traffic is usually about 10 percent or less of the total

daily traffic; hence, the corresponding total daily traffic is around
100,000 vehicles.,
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Johnson et al. (1971) have Proposed the values of a and b given in Table
4 for use with different atmospheric stabilities in urban areas.

Table 4
VALUES OF CONSTANTS USED TO REPRESENT

VERTICAL DISPERSION AS A FUNCTION OF
DOWNWIND TRAVEL DISTANCE

Values
Stability Type a b
‘Very unstable 0.07 1.28
Unstable 0.12 1.14
Slightly unstable 0.23 0.97
Neutral 0.50 0.77
51lightly stable ~1.35 0.51

After making the substitutions, minimum distances between monitoring
sites and the hypothesized roadway can be estimated for each atmospheric
stability class according to the two different criteria. The results
are summarized in Table 5, Since only one criterion (not both) has to
be satisfied, it appears that neighborhood monitoring sites more than
about 2 to 3 km from major highway sources can be expected to be
generally free of undue influence from those sources,

Table 5

MINTMUM DISTANCES (KM) BETWEEN A LARGE
ROADWAY AND A NEIGHBORHOOD MONITORING SITE

Stability Class Gradient Criterion Concentration Criterion

Very unstable 6 0.3
Unstable 6 0.3
Slightly unstable 5 0.4
Neutral 4 0.81
Sligherly stable 2.5 3
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For a source strength of 0.007 g/m g, corresponding to a smaller
city street with peak traffic about 500 vehicles per hour and emissions
of about B0 gm/vehicle-mile, the 1 ppm concentration criterion indicates
ninimm distances of about 30 to 40 m between the monitor and the
Source. Of course, it can be argued that the contribution from any
individual smaller street ought to be kept at even lower levels than the
contributions from the larger thorougtlifares if the monitored values are
" to be representative of the contributions from all sources, large and
small. If we specify the maximum acceptable contribution from g source
of 0,007 g/m s to be 0.5 mg/ m®, then the minimum allowable separation
would be about 100 m from a middle size street source such as that speci-
fied, For smaller streets the permissible separation can be less, It
is not too difficult to find inlet sites that are 30 or 40 m from the
nearest street of any appreciable size, so we have chosen 35 m as the
minimum setback from any street for a neighborhood site.

Street canyon and traffic corridor sites are chosen to provide a
measure of the influence of the immediate source. For such purposes, no
winimum separation distance is required. This is consistent with the
smaller scale area ro be represented by street canyon or other traffic
oriented sites as compared to the scale being represented at a
neighborhood site,

At the other extreme, for regional monitoring in rural areas, a
very small limiting concentration will be desirable; we have chosen
0.2 mg/m®, which is comparable to world-wide background concentrations
(Robinson and Robbins, 1967), Away from cities, major roadways may
carry about 3,000 vehicles/hr at peak times, Speeds will generally be
faster than at peak hours in the city, so emission rates of about 15
g/mile would be reasonable, This leads to peak line-source emissions of
about 0.008 g/m s, Rural diffusion takes place at somewhat slower rates
than in the city, Turner (1969) has given curves defining 0, in rural
dreas as a function of x. Using those curves and the above figures for
Source strengths and concentration limits gives a minimum separation of
about 4 or 5 km between the monitor and any large intercity highway.

If the wind blows parallel to an extended straight section of
highway, there can be substantial concentrations along the direction of

not be chosen within about 5 degrees of the extension of the road align-
ment (see Figure 8). 1Under stable atmospheric conditions, a Gaussian
Plume from a point source will have a horizontal width that falls within
this subrended angle at distances of pgore than a few kilometers. In
this instance, "width" of the plume is defined as two standard devia-—
tions on either side of the center line, If the line source is
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The above approach does not consider climatological factors. If
winds are only infrequently from certain directions, a site could be
Placed so that it would be influenced only infrequently. However, such
an approach might increase chances for subsequent misinterpretation of
the data by introducing correlations with wind direction that were not
related to general, larger-scale factors.

Our approach to defining the distance that a regional station
should be outside of an urban area has been based on reasoning similar
to that used above in connection with the determination of minimum
separations between neighborhood sites and roadways, That is, an
attempt has been made to limit the influence of the city on the nearby
regional monitors. We have taken advantage of similar calculations made
for other purposes, Figure 24 (from Stanford Research Institute, 1972)
shows calculated relative concentrations downwind of a circular area
source, 70 km in diameter, Within the area, source emission rates are
highest at the center, decreasing in Gaussian fashion to 24 percent of
the central value at the edge. The figure illustrates that where the
atmosphere is fairly stable, mixing proceeds slowly and ground level
concentrations remain high for fairly great distances,

Estimates based on data published by EPA (1973) for Washington,
D.C., and on the Los Angeles traffic densities of Roberts et al. (1971)
indicate that maximum emission rates, Qo, of around 1.3 x 10™%g/ n?s
are typical., If we assume the lightest winds to be about 1 m/s and if,
as before, we try to limit the effects on regional monitoring to about
0.2 mg/m® then, as Figure 24 shows, the regionmal.site should be 35 km
or farther cutside the city.

D. The Importance of Sources at Various Distances from the Monitor

It is probably evident to the reader that the selection processes
that have been recommended emphasize nearby sources, or lack thereof.
In selecting a site for typifying some aspect of downtown street canyon
CO concentrations, the process is largely limited to finding a typical
block, or a worst block., Little attention is given to the interrelation-
ships with all the other sources in the urban area. For neighborhood
sites, the area of concern expands. In a "neighborhood"” that is
reasonably homogeneous (i.e., without individual major sources) the area
of concern expands to a few kilometers, The scale expands still further
to tens of kilometers for regional sites. The reader can infer from all
this that concentrations at a site are highly influenced by sources
close to that site. Thus, the monitor readings are expected to be
characteristic of the immediate surroundings. This expectation has
prompted many of the recommendations -trhat have been made.

The influence of local sources has been shown often. For example,
Otc (1971) observed that in San Jose, California, starions more than
"several hundred feet" from traffic should read approximately the same
CO concentration. Perkins (1973) concluded that a monitoring site in
the sputhwest part of the Los Angeles basin was probably strongly
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influenced by local traffic., Kinosian and Simeroth (1973) found that
the annual, maximum hour-average co concentration varied strongly with
distance from the nearest traffic for nine Los Angeles area monitoring
sites; their results are rather startling, as shown in Figure 25, This

- figure is based on the average of the maxima for two different years, |

The simple model presented in Appendix A of this report was
developed so that the relative importance of nearby, and more remote,
sources could be evaluated, Application of the model can provide useful
information concerning the degree to which a site represents the area
that it is supposged to represent, : ’

We have used the model with three getg of hourly meteorological
data representing three different regions of the country. Conventional
airport observations for the Year 1960 were available from San Diego,
California, and St. Louis, Missouri, Special observations made at
Millstone, Comnecticut were available for the period from late summer
1973 to late summer 1974. Thus, we have used meteorological data from
the two coasts and the central United States,

Each set of meteorological data was used ip combination with a
hypothetical source distribution such ag might be characteristic of an
idealized, radially symmetric city. The particular distribution that
was used for this problem decreased linearly from 1.3 x 10™%g/ pn2? at
the center to zero at 32 km from the center,

First, we investigated the effects associated with a streetr canyon
monitor at five locations in the hypothetical city: at the center and
at 17.5 km from the center in each of the cardimal directions, For the
test, the street was chosen to be oriented in a northwest-southeast
direction and to have traffic of 200,000 vehicles per day, emitting an
average of 40 g of CO per mile. The street canyon was taken to be 20-m
wide and 30-m deep. The inlet was specified to be 3-m high and 4-m from
the traffic, The hypothesized daily traffic cycle (based on Roberts et
al., 1971, nonfreeway data for Los Angeles) is shown in Figure 26, It
shows the mormning peak, sustained high midday values, a strong afternoon
peak and a gradual decline to the very low post-midnight levels, No
differentiation was made for weckends,

Figure 27 shows the frequency distributions of the contribution (to
B-hr average concentrations) of the local streer relative to the
contributions from the rest of the city. The figure shows that there
are differences in the effect of the street that arise from differences
in the climatology of the area, but these differences are not so great
that generalizarions cannot be made., For instance, the graphs show that
at the center of the hypothetical city, the street contribution exceeds
that from the rest of the city 20 to 30 percent of the time, The

the edge of the city. At 17.5 km from the center, the local street
contribution exceeds that from elsewvhere in the city 50 to 80 percent of
the time, depending on the climatology and the direction from the cicy
center to the site. Some differences in the importance of the local
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Street source are apparent from ome side of the street to the other as

can be seen in Figures 27c¢ and 27d, but these differences are not as
Pronounced as those that are attributable to differences inp location

- relative to the city center,

If the monitor is sufficiently removed. from strong local sources,
the city's emissions can be treated as area sources by the model
described 1in Appendix A. When the model isg applied in this way, it
approximates the contributions to the CO concentrations monitored at a
neighborhood or regional site, Figure 28 presents the frequency
distribution of the ratios of the contributions from sources within 2 km
Lo those at greater distances, As before, the model was applied to the
hypothetical city emission distribution for locations at the city center
and at radial distances of 17.5 km; the same three sets of hourly
meteorological data were used,

The graphs in Figure 28 suggest that a substantial fraction of the
CO concentrations observed at neighborhood sites will arise from sources
within 2 km. There is considerable variablity, but sources within that
range will contribute half, or more, of the observed CO on from 5 to 40
percent of the occasions, Differences in the importance of the nearer
Sources arise from meteorological factors and from the location relative
to the center of the city., The number of instances in which the nearer
Sources contribute more than a third of the CO (i.e., the rario of
contributions from within 2km to those from greater distances exceeds
0.5) almost always exceeds, the number of instances when the nearer
contributions are less than one third of the total,

The model confirms that nearby sources generally contribute a major
portion of the observed CO concentrations at a point. Often the
greatest concern is with those instances in which CO concentrations are
the highest and a question arises concerning whether the contributions
of the sources are as important during the periods of high concentra—
tions as they are at other times. The model given in Appendix A
identifies the 10 periods during the year when the calculated CO
concentrations are highest, The frequency distribution of the ratios of
Street contributions to city-wide contributions for these "worst" 8-
hour average cases is snown in Figure 29. 1In this figure the results
from all the meteorogical data sets and from the different locations
relative to the cirty center have been combined. Comparison of Figure 27
with Figure 29 suggests that during the periods of highest CO
concentration, the contribution from the nearby streer canyon is usually
less than for other cases. In only a third of these "worst"” cases do
the street canyon emissions account for more than about a third of the
total concentration. However, about two-thirds of the worst cases have
contributions from the local street canyon that are more than 25 percent
of the toral,

For neighborhood type sites, the contributions from the nearest 2km
were found to account for 15 to 40 percent of the total CO in virtually
all cases. While this tends to be somewhat less than was true for the
total population, it srill constitutes a substantial fraction.
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sources in determining observed CO concentrations, in general, and

during the occurrence of the highest concentrations. The variations

from case to case indicate that calculations based on a particular
distribution of emissions would be in order when there was concern about
the effects observed at a specific site. Such calculations might be
warranted at times other than during the initial siting process;
calculations of the sorr presented above would provide valuable guidance
in the application of existing data, particularly in devising emission
conrrol straregies,

Emission control Strategies would be much more efficient if they

focused on those sources most responsible for violations of air quality
Standards, The results of the simulations presented earlier suggest
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that violations of the 8-hour air quality standard at a neighborhood
station do not necessarily warrant the imposition of control measures
throughout the urban region. Emission reductions in an area that is
within a few kilometers of the site might be all that is needed to meet
standards,

Violations of air quality standards at Street canyon monitors might
be the result of even more localized causes than those responsible at
neighborhood sites, The control strategies required to meet standards
at street canyon locations may only have to deal with streets that are
within a few blocks of the monitor.

The preceding discussion of the importance of the sources at-
various distances from the monitor support the intuititve notion that
siting criteria based largely on the distribution of sources near the
monitor will be adequate to define, at least qualitatively, the spatial
representativeness of the station, The argument comes full circle when
we start deducing the influences of sources around a monitor from its
type, as specified in terms of scales of Tepresentativeness, Finally,
from the degree of influence exerted by various sources, we can deduce
those areas that are the most important in reducing CO concentrations at
the monitor. An important principle emerges—the application of the
monitoring data should be consistent in spatial scale with the area
represented by data from the site, Thus, if the concept of spatial
representativeness is carefully applied during site selection, then the
same concept can also be invoked for guidance when the data are later
interpreted and applied as bases for finding solutions to practical
problems,
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Appendix A

A SIMPLE MODEL OF CONCENTRATION/EHESSIONVRELATIONSHIPS

A, Introduction

This appendix describes a simple pollutant toncentration simulation
model for inert, ground-level emissions. It can be used to process many
hours of meteorological data economically and answer two Practical
questions:

. What sequence of meteorological conditions, frog
historical records, would have led to the highest multi-
hour average concentrations at a given location?

The answer to the first question identifies critical periods so that
they can be examined in greater detail. The problem of identifying
"worst-case" conditions arises often when the air quality impacts of
indirect sources are to be estimated., The second problem—that of

The specific Ccomputer program described here has been designed to
answer rhe two questions presented above, but the basic simple model
itself should have application to a much broader variety of problems.

It should be particularly suitable ip any case where it ig desirable to
calculate a long sequence of concentrations very rapidly, The simple
model also provides a4 very useful basis for qualitative understanding of
the physical factors affecting concentrations at a site.

B. The Model
1. General

The model described here .descends from the model proposed by
Ott, Clarke, ang Ozolins (1967) by way of the APRAC-1A mode] developed
by Ludwig et al. (1970). The follewing discussion is derived largely
from the larrer source. Both models divide the upwind region into
Séctors, each of which ig treated as a uniform, ground-level area
Source, The APRAC model uses geometrically spaced upwind intervals to




Provide better resolution for nearby sources. Figure A-1 shows the
spatial partitioning that is used for the emissions. Nine segments are
used, numbered from 1, for those sources within 125 m of the receptor,
to 9, for those between 16 and 32 km from the receptor.

Concentrations are calculated from two basically different
formulations. For sourrces near the receptor, a Gaussian model is used,
This model postulates that unrestrictred vertical diffusion of pollutants
from ground-level line sources of infinite crosswind extent results in
concentrations that have a Gaussian distribution of concentration in the
vertical. The standard deviation, O,, of this distribution depends on
such things as the atmospheric stability, and the distance downwind of
the source. Several authors have proposed empirical relationmships among
0., atmospheric stability and travel distance. Figure A-2 presents the
Pasquill (1961), Gifford (1961) values, which are appropriate for rural
conditions. Urban conditions differ from those in the country (Ludwig
and Dabberdt, 1973), and for urban areas the curves in Figure A-3 are
more appropriate. The urban relationships were derived by Johnson
et al. (1971) from the work of McElroy (1969) and the Stanford Aerosol
Laboratory (1952). In both instances, the relationships can be
reasonably well approximated within each of the upwind segments by an
expression of the form:

o =a..r (1)

where r is the distance between the source and the receptor and ajj and
bys; are constants applicable to upwind segment i and stability class J.
This Gaussian model uses the following equation to calculate the
concentration from one of the upwind segments in Figure A-1,

0.8 Q 1-b, . 1-b, :
i -1 ij _ i} :
c.. = (1_ - bij) (r T, bij #1

ij ua, i+l i
? (2)

0.8 Q Ti+l b =1
= .E‘n i'
ua r ]
ij i .
where
Cij = the pround-level concentration arising from the ith
upwind segment for the jth stability class (gm/m?®)
ij‘bi' = constants in Egq. (I) used to specify o, , the vertical
] standard deviation of dispersion.
Q = emissjion race in ifh segment (gm/m s)
r, = distance to the downwind boundary of the ith segment (m)
u = wind speed (m/s)
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When the layer into which the pollutants are being dispersed
is restricted, they will tend to become uniformly distributed in the
-vertical after sufficient travel has taken Place. Under these
conditions, the "box" model can be used. According to the box model,
the concentration arising from a uniform area source in the ith annular
segment is defined by (see Miller and Holzworth, 1967):

(3)

where h is the depth in meters of the layer into which the pollutants
are mixed. When the box model is used, the concentration is independent
of stability. The point of transition from the Gaussian to the box
formulations occurs at that point where the two--in their line source
formulations—-would give eaual concentrations. Using this criterion,
the transition distance, Ty is:

r
T a, .
ij

1
_ 0.8) /bij
(4)
The composite model, defining the concentration that results from
emissions in all the upwind segments, is given by:

- 1-b
) L-b, _ Ly
L (N1 [o.8 (r . )
€=y % (1-by ;) *
b byt 313 ij
(5)
1-b 1-b
Nj Nj _ _
0.8 (r, Ty ) N1 T T 2 Ty Ty
U a__ (1-b_) T P IILH h
Nj Nj i=N+1

The transition from Gaussian to box models occurs at ro in the Nth
Segment .

2. Simplificarions

The rather simple model described by Eq. (5) can be further
simplified if we rtake advantage of the finite number of atmospheric
Stability categories and introduce categories of mixing depth p, and wind
direction. Finally, we can assume that the source strengths in the
different Segments can be expressed as the product of a time-dependent
factor and g time-independent factor.

81




Q,a,¢ = B 1,d (6)

where

Qi,d;t . = the source strength within the ith segment, in
: the dth direction, for the tth hour. (g/m? g)

Qi,d = the average daily source strength within the ith
segment, in the dth direction (g/m? s)

= a factor that gives the source strength for the tth
hour. Py is assumed to be independent of location in
the city, except that provision has been made in this
model for using a different daily emission cycle for
Sources near, versus far from, the Teceptor.

If categories of mixing depth are introduced (see Table A-1),
the model can be simplified to the following:

P 9 X ,
M igl(T)i:j:m -
where
c = CO concentration at the receptor .
u = wind speed

(X/Q)i,j,m = ratio of the CO concentration received from the ith
Segment to the emissions in that segment (for unit
wind speed). The values of these ratios depend on
stability class, j, and mixing depth class, m.,

Values of (X/Q)i,j,m calculated using a mixing depth equal to
the geometric mean of the mixing depth class intervals in Table A-1 and
z fupctions from Slade (1968) are given in Table A-2, The values
for urban o, 's (Johnson et al., 1971) were used to derive the values of
(X/Q)i!j m Riven in Table A-3. Table A~2 or Table A-3 will serve
essentially as a model of pollutant concentration. Both tables indicate
that contributions from sources within about 1/2 km are very nearly
independent of mixing depth, while thHose from sources at greater
distances are independent of atmospheric stability when the vertical
mixing is sufficiently restricted. It is beyond the scope of this
discussion to analyze the entries in .the tables further.
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Table A-1

MIXING DEPTH CLASSES

Mixing Mixing Depth Interval Geometric Mean of
Depth Class (meters) Mixing Depth, Class
1 <100 70,7*
2 100-200 141
3 200-400 283
4 400-800 566
5 800~-1600 1131
6 1600~-3200 2262
7 >3200 4525%

* For classes ] and 7, the geometric mean was calculated
as though the classes were bounded,

However, note that the tables are quite revealing of the behavior of the
model, and--to the extent that the model répresents-——the nature of the
Teal atmosphere, '

3.  Special Model for Street Canyon Sources

The importance of nearby sources will be enhanced if the
Sources are confined in street canyons or other special situations. The
model that ig described here hag g provision for treating street canyon
effects, using the empirical submodel from the APRAC-1A model (Johnson
et al., 1971; Ludwig and Dabberdt, 1972). For winds blowing toward the
side of street on which the receptor is located:

Wind blowing

K
C = B Bz toward receptor's
close  W(uH0.5) side of the street (8a)
where
close = contriburion of close (street canyon) sources to
the concentration.
H = depth of streer canyon (m)
W = width of street canyon (m)
Qg - emission rate on street (g/m s)
u - wind speed at roof level* (m/s)
z = height of receptor (m)
K = nondimensional empirical constant (approximately =7)

* Vhen airport winds are used, rhe term (u+0.5) is halved to approxi-
mate the effects of urban roughness in reducing wipd speed.
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Table A-2

CONTRIBUTIONS TO THE CONCENTRATION (ugm =™3) AT A POINT FROM EMISSIONS
OF UNIT STRENGTH (1 ugm w~25-1) At VARIOUS UPWIND
DISTANCE INTERVALS (FOR UNIT wInp SPEED -1 n s-1)

RURAL
Staviiity .;:’:;‘ Upwind Distance Interval
) ) 1= 125~ | 250- S00-
Class Interval 125 m {250 = | 500 = | 1000 = 1-2 km | 2-4 kn | 4-8 kn 8-16 km | 16~32 km

1 <100 m 4.60 | 3.04 | 3.60] 7.07 |14.14 28.3 56.6 113.2 226,

2 6.89 4,82 4.99 7.07 14.14 28.3 36.6 113.2 226,

3 10.38 7,22 7.49 8,24 14.14 28.3 56,6 113.2 226.

4 16.11 |11.91 | 13.48 {15.74 |19.17 28.5 56.6 113.2 226.

5 23.0 16.67 | 18.96 | 22,50 27.6 4.9 56,6 113.2 226.

1 100 to 4. 60 3.04 2,62 3.54 7.07 14.14 28.3 56.6 113.2
2 200 m 6.89 4.92 4,99 4.60 7.07 14.14 2B.3 56.6 113.2
3 10.38 7.22 7.49 8.08 B.79 14.14 28.3 56.6 113.2
4 16.11 | 11.91 | 13,48 15,74 19.17 24.2 3l.5 56.6 113.2
5 23.0 16.67 | 18,96 | 22,5 27.6 34.9 47.1 67.4 113.2
1 200 to | 4.60 3.04 2,61 1,96 3.54 7.07 14.14 28.3 56.6
2 400 m 6.89 4.92 4.99 4.55 4.03 7.07 14.14 28.3 56.6
3 10_38 7.22 7.49 8.08B 8.75 9.65 14.16 28.3 56.6
4 16.11 [11.91 | 13.48 15.74 19,17 24.2 31.1 42.0 60.5
5 23.0 16.67 | 18.96 | 22.5 27.6 34.9 47,1 67.4 - 100, 3
1 400 to 4.60 3.04 2.61 1.58 1,77 3.54 7.07 14.14 28.3
2 800 o 6.89 4.92 4.99 4.55 3.60 3.54 7.07 14.14 2B.3
3 10.38 7,22 7.49 8.08 8.75 8.65 10.89 14.50 28.3
4 16.11 (11,91 | 13.48 | 15.74 19.17 24.2 31.1 42.0 59,2
5 23.0 16.67 | 18.96 | 22.5 27.6 34.9 47.1 67.4 100.3
1 800 to 4.60 3.04 2,81 1.58 0.955 1.77 3. 54 7.07 14.14
2 1600 m 6.89 4.92 4.99 4.55 3.60 2,38 3.54 7.07 14.14
3 10.38 7.22 7.49 B.08 B.75 9.65 10.9 12.97 16.37
4 16.11 | 11.91 | 13,48 15,74 19,17 24.2 31.1 42.0 59.3
3 23.0 16.67 | 1R 96 | 22.5 27.6 34.9 47.1 67.4 100.3
1 1600 to 4.60 3.04 2,61 1,58 0.67 0_884 1,77 3.54 7.07
2 3200 m 6.89 4.92 4.99 4.55 3. 60 2.88 1.83 3.54 7.07
3 10. 38 7.22 7.49 8,08 B.75 9.65 10.89 12.97 16,3
4 16.11 | 11,91 | 13,48 15,74 19,17 24.2 3l.1 42.0 59.3
5 23.0 16.67 | 18.96 | 22.5 27.6 34,9 47.1 67._4 100,23
1 >3200 m| 4.60 3.04 2.61 1.58 0. 604 0.442 0.B84 1,77 3.54
2 6.89 4.92 4.99 4.55 3.60 2.28 1.28 1.77 3.54
3 10.38 7.22 7.49 8.08 8.75 8.65 10.89 12,97 16.3
4 16.11 | 11.91 | 13, 48 15.74 19.17 24.2 31.1 42.0 59.3
5 23.0 16.67 | 18,96 [ 22,5 27.6 34.9 47,1 ° 67.4 100.3

vxiremely unstable
moderately uynstable
sllzhtl_\- unstable
neutral

slightly stable,

L N
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Table A-3

CONTRIBUTIONS TO TME CONCENTRATION (ugm ™) AT A POINT FROM EMISSIONS
OF UNIT STRENGTH (1 ugm m~2¢-l) AT vARIOUS UPWIND
DISTANCE INTERVALS (FOR UNIT WIND SPEED -1 m s-1)

URBAN
Upsind Distance Interval
Stability ";:::: 1 125- |250- p:u
Class Interval 125 8 | 250 = | 500 wl100p m| 12 ") 24 | 4B km | 8-26 km | 1632 kn

1 <100 n 2.8 2.0 3.5 7.1 14.1 28.3 56.6 113,2 226.3
z 3.4 2,3 3.5 | 7 14.1 2B.3 56.6 113.2 226.3
a 4.0 | 2.8 | 36| 72 14.1 26.3 56.6 113.2 256.3
4 4.8 | 3,6 | 43 ) 7.1 14.1 28,3 56.6 113.2 226.3
5 6.2 5.2 7.3 |10.3 14.9 28.3 56.6 113.2 226,3
1 100 to 2.9 1.9 1.9 { 3.5 7.1 14.2 28 .4 56,7 113.5
2 200 m 3.9 2.2 2.11{3a,s 7,1 14.2 28.4 56,7 113.5
3 4.0 2.8 | 2,9 | 3.6 7.1 14.2 26.4 '56.7 113.5
4 4.8 3.6 4.3 | 5.0 7.1 14.2 28.4 56,7 113.5
5 6.2 5.2 7.3 |10.3 14.4 20.2 | -z29.6 56.7 113.5
1 200 to z.9 1.9 1.5 | 1.8 2.5 7.1 14.1 28,3 56.5
2 400 m 3.4 2.3 2,0 | 2,0 3.5 7.1 14.1 28.3 56.5
3 4.0 2.8 2,8 | 2.9 3.6 7.1 14.1 28.3 56.5
4 4.8 3.6 4.3 | 5.0 5.9 7.4 14.1 28.3 56.5
5 6.2 5.2 7.3 |l0.3 14,4 20.2 28.1 39.9 | 58.8
1 400 to 2.9 | 1.8 | 1,5 1.3 1.8 3.5 7.1 14,1 28.3
? ADO 3.4 2.3 2.0 | 1.8 1.9 3.5 7.1 14.1 28.3
3 4,0 2.8 2.9 | 2.9 3.0 3.6 7.1 14.1 28,3
4 4.8 3.6 4.3 | 5.0 5.9 6.9 8.2 14.1 28.3
5 6.2 5.2 7.3 [10.3 14,4 20.2 28.4 39.9 56.0
1 800 to 2.9 1.9 1.5 | 1.3 1.1 1.8 3.5 7.1 14.1
2 1600 m 3.4 2.3 2.0 | 1.8 1.7 1.8 3.5 7.1 14.1
3 1.0 2.8 2.9 | 2.9 3.0 3.1 3.6 7.1 14,1
4 1.8 3.6 4.3 | s.0 5.9 6.9 8.1 9.5 14.2
5 6.2 5.2 7.3 [10.3 14.4 20.2 28.4 39.9 56,0
1 1600 to 2.9 1.9 1.5 [ 1.3 1.0 1.0 1.8 3.5 7.1
2 3200 m 1.4 2.3 018 1.7 1.5 1.8 3.5 7.1
3 1.0 2.8 2.9 | 2.9 3.0 3.1 3.1 3.7 7.1
4 4.8 3.8 4.3 | 5,0 5,9 6.9 8.1 9.5 11.1
5 6.2 5.2 7.3 |10.3 14.4 20.2 26.4 39.9 56.0
1 3200 m 2.9 1.9 1.5 | 1.3 1.0 0.9 0.9 1.8 3.5
2 4.4 2,2 2,0 | 1.8 1.7 1.5 1.4 1.8 3.5
3 4.0 2.8 2.9 2.9 3.0 3.1 3.l - 3.2 3.7
1 1,. 3.6 4.3 | s.0 5.9 6.9 4,1 9.5 11.1
5 6.2 5.2 7.3 |10.3 14.4 2.2 28.4 39.9 56.0

1= CXLremely unstable

2 = moderatoly unstable

3 = slushtly unsiable

1 o= peutral

3 shiehuly siable.

85




+OL Lne Opposile slae oI the street:

KQ, Wind blowing away
c = from receptor's
close side of the street
V2,2

where

x = horizontal distance from the receptor to the nearest
lane of traffic (w)

Finally, when the wind_blows within 30 degrees of the srreet
alignment, the average of expressions (8a) and (8b) is used to calculate
concentration,

C. Applications

Once a model is available to calculate hour-by~hour concentrations
from near and far sources, then it is possible to apply methods
generally reserved for use with observed monitoring data. In
particular, it is possible to consider multi-hour averages directly and
without resort to statistical models, In thig subsection, some specifie
applications of this type will be considered briefly. One such
application is the identification of "worst-cases" for different
averaging periods. The sequence of calculated near and far
contributions, can be scanned and running means determined. The highest
values are easily identified along with the time interval during which
they occurred. Once 2 limited number of candidate worst cases have been
identified, then the specific cases can be studied 1n more detail and
with more comprehensive models,

Alr quality impact assessments often require that "most probable"
and "worst" cases be identified and the impact of some unbuilt complex
be determined for these two categories, We will first consider the
"worst" case. "Worst" will depend on some unique distriburion of
sources (often, as yet unbuilt), daily emission cycles, and sequences of
meteorological conditions. Because of differences in the surrounding
sources, the "worst" periods may not occur everywhere at the same time.
Therefore, it may not be possible to identify worst conditions on the
basis of observations taken at established monitoring sites, and the
simple model provides a useful tool,

"

For single-hour averages, the most probable and WOrSt cases are
easily defined as the most common combination of stability, mixing
height  wingd speed and wind direction, and the observed combination that
Produces the highest concentrations, respectively, Identification of
the worst cases was discussed above; identification of the most probable
cases would probably require some subjective analysis by a professional
meteorologist, but the model could be used to reduce the complete set of
conditions down to some smaller subset that contained all those

86




lnstances wnen calculated concentrations fell within some specified
interval around the mode, The general meteorological conditions that
accompany these instances could be studied and classified and perhaps
one, or a few, "most probable" prototypes could be selected for detailed
analysis,

Site selection for monitoring stations sometimes requires that the
measurements be representative of a large area and, in other instances
it is desirable to monitor the effects of nearby sources. Thus, it may
be desirable to evaluate the relative contributions of sources at
various distances from a proposed monitoring site. If multi-hour
averages are of importance, such as might be the case when a site.is
serving to determine compliance with federal or state air quality
standards, this model can provide a method for solving the problem.
Running means can be calculated for the contributions from near sources
and from more remote sources. The contributions from the two areas can
be compared by calculating the average of their ratios, the frequency
distributions of the ratios, or the average of their differences; all
are possible approaches to the comparisions, once the running means are
available,

The following subsection describes a computer Program that was
written to use the model presented above to identify worst cases and to
calculate a frequency distribution for the ratio of the contributions of
near and far sources to receptor concentration. The program listing, in
Control Data FORTRAN Version 2.1, is given at the end of this appendix.

D. Compurer Program

A simplified flow chart of the program SMOCER (simple model of
concentration-emissions relationships) is shown in Figure A-4. Many
calculations aremade in the initial stages and the resulting values are
stored for subsequent use. Once these preliminary calculations are
cocmplete, hourly meteorological data is read and used to calculate
hourly concentrations, wirh the contributions from near and far sources
treated separately. The listing included here has provisions for
reading the meteorological inputs from tape with the program
modifications necessary to use card inputs given as comments.
Modification of the program might be required for use on small
computers. The version given here stores hourly values of the several
pertinent parameters for a period up to one year. After the values are
all stored, running sums and other calculations are made. If storage
were limited, such calculations could be made sequentially as the hourly
values were obtained. Such a modification should not be particularly
difficule.

The program is capable of obtaining two different kinds of output
from the sequence of hourly results, First, it can identify the ten
worst cases for the period. Initially, no restrictions were placed on
the selection process eéxcept that the highest multi-hour averages were
L. be chosen, In practice, several of the worst cases will overlap.
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That is, the multi-hour averages for several cases may include some of
the same hours. Since it was intended that the identified cases be
relatively 1ndepehdeqt,over1apping cases are no longer considered. If a
sequence of high values of rumning means occurs, and they are separated
by less than the averaging interval being used, only the highest valye
will be chosen even though other values in the sequence might exceed
some of the retained high values from other parts of the total list,

- After all the data have been treated, the model will produce a list of
the ten highest running mean concentrations (with the restrictions noted
above) and the day and last hour of the corresponding averaging period.

The program will also calculate the ratio of the contributions from
near sources to those from sources farther away, again based on nulti-
hour running means.

Table A-4 lists the FORTRAN variables used in the Program and their
meaning, and Table A-5 gives the input requirements for using the
program. This is followed by the program listing. During the course of
this study the Program was applied with Los Angeles inputs using one
year of hourly data on tape. The costs, using a CDC 6400 computer, were
less than four dollars, including compilation of the program. Central
Processor time, excluding compilation, was less than 13 seconds,
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ADT
ANGLE
CFAR
CLEE

CLOSTYP
CMILGM
CNEAR
Cos6P
CWIND

DP
DT
EMRATE
FACTOR

IDIR

THR
ISEG
1ISTARB
MEANHR

NCLOSE
NDAY
NHR

NN
ocC

OUTPUT
PPM
PTFAR
PTNEAR
QST
RATIO

)

il non o

Table A-4

FORTRAN VARIABLES USED IN SMOCER

Average daily traffic (vehicles/day).

Angle normal to STDIR.

Far concentration array.

Concentration with ynit wind speed for receptor facing,

away from the wind direction,

Type of source near Teceptor (street or area).,

Average concentration mg/m?,

Near concentration array.

Cosine of 6f degrees.

Concentration with unit wind speed for receptor facing
toward the wind direction, ’

Dewpoint (not used, but on meteorological tape),

Temperature (not used, but on meteorological tape),

Average vehicular emission rate (g/veh.-mi.),

Used to convert emissiong in g/mile-day to g/m s.

Mixing depth ‘index.

= Upwind direction (1 = north, ...16 = notth-northweét,

0 = calm).

Hour index,

Upwind segment index.

Stability index.

Averaging interval for Tunning means (hrs),

Hour (of NDAY) of end of averaging interval for a high
concentration case,

Number of segments to be considered as near when
CLOSTYP = areas; when CLOSTYP = Street, then NCLOSE = 1.
Number of the day in which last hour of averaging
interval occurs for a high concentration case,

Last hour of averaging period (running sequentially from
first hour) of the highest concentrations,

Number of hours since start,

= Opaque cloud cover (not used but on meteorological

It

tape).

Type of calculations to be performed.

Average concentration (parts per million).

Fraction of far source emissions occurring during hour.
Fraction of near source emissions occurring during hour.
Emission rate on street (g/m s),

= Frequencies of ratios of NEAR/FAR source contributions,
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SI

SIDE
STDIR
TOPRAT

TOP10
VALUE

W,H
WS
-2,X

noaon

Table A-4 (concluded)

FORTRAN VARIABLES USED IN SMOCER

Stability index (1 = extremely unstable .., 5 = slightly
stable),

Side (left or right) of receptor when facing STDIR.
Street direction (degrees from north).

Ratios of NEAR/FAR contributions—during same periods as
the highest concentrations,

Ten highest multi-hour concentrations,

Class boundaries for cumulative frequency distribution.
(number greater than « e e)e :

Wind direction (16 directions, 1 = NNE...16 = N,

0 = Calm). -

Width and height of street canyon (m).

Wind speed (m/s).

Height and horizontal distance of receptor from near.
traffic lane (m).
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Card Number

2A

This card
used only
if CL@STYP
= STREET

8-12

13-28

29-131

32-34

as

Table A-S

INPUTS POR A SINPLE MODEL QOF CONCENTRATION/EM1SS10N RELATIONEHIPS

Variables

Problam identification,
up to B0 characters

CL#STYP (either "STREET"
aor "ARBAS")

o ("RATIO," "woRsT,"
or “BOTH™) ‘

NCLGSE

ADT

EMRATE

STDIR

SIDE ("LEFT" or “RIGHT™)
W, H

zZ, X

X values for 9 Segments
on one card, cards foyr
stability classes 1-5,
lst mixing category

X -stability classes
1-5, 2nd mixaing

category

Q

PTNEAR fraction of daily
traffic/hour

PTFAR fracrion of daily
traffic/hour

MIXTYP mixing type to be
used with XOQ

Meteorological anputs follow,

Format

16AS

AlD

Al0

1s

I5

F8.1
F8.1
F8.1
Ag
2F8.1

2F8,1

9FB.1

9FB.1

9E8.1

8F10.3

BF10.3

2412

93

Remarks

Whatever this card contains 18 printed with
outputs for 1d¢nt1ﬂ.¢-tio_n

Mugt start at Column 1, identifies whether
close source uses gtreet canyon model

Calculates only TaAtios, only worst cases, or
both, depending on this Anput. Must start
at Column 1)

Number of hours for averaging

It Clostyp not "STREET" tells how many segments
are considered as “near”

Average daily traffic-vehicles /day
Emisgion rate g/vehicle—mile

Street direction, degrees from north
Starts at Column 25=side when facing STDIR

Street canyon width, height (m)

Vertical, horizontal distances (m) to
nearest traffic

Cards 3 through 12 contain concentration/
emission ratios from Tebles A-2 or A3

° Same as Cards 3-7,

16 cards containing emission rates
(g/m*~5) + 9 segments on & card, one card
for each direction 1, 16

From near sourcds (or street), hours run from
1 to 24

From far sources, hours run from 1 to 24

24 values (either 1 or 2) for each hour from
1 to 24

€ither from tape or cards, aee program listing.




PROGRAM LISTING

PROGRAM SMOCER (INPUT»DUTPUT.TAPEL)
c
CosenvensasTyls SIMPLE MODELI OF CONCENTRATION RELATIONSHIPS 1JENTIFYES
CotusbednusTugE WORST CASES FOR DIFFERENT AVERABING INTERVALS aND THF
CasestossssRF| ATIVE CONTRIBUTIONS FROM NEAR AND Fan SOURCES,
Coonenansesf L .LUDWIG AND H., SHIGIESHI,

c
DIMENSTON xonto.scz)-3(9016)-CMEAR(svati-CFAR(a7e¢)onNaan(5.16-21
l.cruonu(5.16.2)oﬂTNEﬁ2426).PYFAR(Z#).M!:TVP(abyouo(zsy.ds(?tl.
181 (24) y
COMMON /TOP/ NN.CTOT-CLDSC.FARC-TOPID(10).~Hﬂ(10)oTo°=nT(lo)o
1COFREQT10)
COMMON /VAR/ XNOAMsQSTeSIDEyIDIRISTIIReWeHeZ o X
COMMON /RAT, RATIOSFREQ(10),vaLUE(LD)
) COMMON /DAT/ ALP<A(16) sMEANHR,CLOSTYD,NCLOSE
1 FORMAT (1H1,35X*STREET AIR POLLUTION ANALYSIS.#/)
? FORMAT (14kA5)
k] FORMAT (]H ,16A5)
& FORMAT (2A10.,215)
g FORMAT (1d 4#CLOSTYP = ®#A10,5SX0UTPJT = ®A10+SXUMEANHY =8]5,5)
1#NCLOSE zelg,)
5 FORMAT (3FB,10AR.4F8,]) ,
7 FORMAT (1H ¢®ADT =FB.2¢3Xe®FMRATE S#FBL243XASTOIR 2®Fg,2,43X%SIDE =

18¢ ARv3IX®Y Z#FB,2¢3X%4 Z0FB,2,3X7 s8FA,2,3XeX zeFR,2)
[ FORMAT (//1% +SOX®NORYALIZED CONCENTIATION/EMISSION®/1H ,eSTaRILIT
1Y/SEGMFNTS®,9110)
10 FORMAY (//1m 'S5OXPEMISSIONSe /W ¢+2DIRECTION/SEGMENTS®3T10)
11 CORMAT (2412)
12 FORMAT (//1H .12x'PERCENT¢ex'ﬂERCENT!/1H +*HOURSSX® (ANT CLOSE)*Tx,
le (ADT FAR)®pxaMIX TYPES)
13 FORMAT (1W ,12#0082F15,5,110)
14 FIRMAT (/1H ,#0UTPUT SPECIFICATION EQRORe)
156 FORMAT (BF10.3)
17 FORMAT (9FB8,1)
18 FORMAT (9F8,1)
c
CasassesnaaF,aCcTNR 1S USED T2 CONVERT EMISSIONS IN BGM/MILE=DAY TD
Cossspbacon (GM/M.E)

c

FACTOR = 1.0/(1609.,35%3600.0%24,0)
c
CeescecosoalraD INENTIFYING HEADING
c

S2INT y § RrAD 2,ALPHA % PRINT 3,ALP9a
C
Cesosvenssalrap TYPES OF CALCULATION TO BE: PEQFORMED,
Cecsevsacse CLOSTYPETYPE OF SOJRCE NEAR RECEPTOR (STREET IR AREaS),
Cesssvsennase QUTPUT=TYRE OF CALCULATIONS T9 RE PERFORMED .+
Cesessasase QATID-~FIND FREQUENCTES OF RATIOS OF NEAR/FAR S0 JoCE
Cestssbdosesn CONTRIBUTIONS, ’
Ceessccoscas WORST==FIND 10 HIBGHEST CONCENTRATIONS,
Ceesnncassps MEANAR=~AVERAGING INTERvAL FOR RUNNING MEaNS {4duas),
Ceossnsssse NCLOSE=~NJMBER 0OF SEGMENTS TD BE CONSIDERED AS NEaR
Cessovcassn WHEN CLOSTYPzaREAS, WHEY CLOSTYPaSTREETs THEN NCLNSE=]
C

QEaD 4y CLOSTYP DJTPUT «MEANHR s NCLOSE
FQINTS.CLOSTYP.OJTPUTuHEANHRchLOSE
MCLOSE=NC|LOSF ] .

TF (CLNSTYP ,NE, &4STREET) GO TO 100
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c....-ooolorni STREET CASE HEAD

(JYYTITTTL TS ADT=AVERAGE DAILY TRAFFIC (VE4ICLES/DAY) -

Cosannasnse EwaATE = AVERAGE VEMICULAR EMISSION RATE (GW/VEM=MT)
cesssdosnoee STNIR = STREET DIRECTION (DEGREES FROM NORT )
Cosenaaesae SINE = SIDE (LEFT DR RIGMT) OF RECEPTOR WHEW FRCING STol
(JIITYTT YT We = WIDTH GND WEIGHY OF STREET CANYON (W)

Cosesdannse Zox = HEIBHT AND DISTANCE OF RECEPTOR FROM vEAR TRAFFIC
Cossadacdes LANE () '

¢ .

READ 6,ADTsEMRATE ¢STOIRISIDE sWoHsZoxX
PRINTT oADToEMRATE «STDIRSSIDEsWoHpZo X
c . .
CoonanansaaReTuEMISSION RATE ON STREET (2486M/M=S), NCLOSE=2l, ueLDsEx2
CesanbaneasMpaANS THAT THE STREET ‘REPLACES THE 1ST sEonENT A% TME NEaR
CosssssnssaSouURCE,
c

QST-ADT!EMRATEO'ACTOR $ NCLOSE=] $ 9wCLOSE=2
100 PRINT Ay(Lsimls?)

c .
CotenbaesoeREAD RATIOS OF CONCENTRATION TD EMISSIONS (XO0=-=5/M) AT uUnIT
c-o..ou-oo-uyuo SPEED (M/S) FDR VARIDUS UPWIND SEGMENTS (ISE3)s STAR-
Cosennsnseunl ITIES (ISTAB) AND MIXING DEPTH CLASSES (I).
c
READ 17+ (t(X0Q(TISEGISTABI)s1SEGE]L+9)4ISTAR=]1+5)01%],2)
PRINT Qs ((ISTAR (XOQ(ISEGIISTABI) vISEGE]49),15TAB=]1,5)412]02)
PRINT 10.(L-L-1.9)
c
c-ooonooonoﬂtnb Eurss!ons {Jw=GM/MUMaS) 1§ DIFFERENT UPWIND DIRECTIONS
Coessvansns (YOIR) AND SEGMENTS (ISEG), : :
c
READ 1R+ (({Q(ISEG«IDIR) 4ISEG=149),I0I0],16)
PRINT 9¢(I1DIRy(QIISEGeIDIR) +ISEG®1+9)41NIRRY,16)

¢ .
CuovntasvesRiaD FQACTION OF DAILY TRAFFIC OCCURRING DURING EACH HDUR

Cososnsssse (1HR) FNR NEAR{PTNEAR) AND FAR(PTFAR) SOURCES,
¢

READ 15, (PTNEAR(IHR) s IHR=] 4 24)

READ 16, (PTFAR (IHR)sIHRx1,424)

¢
CedeosseeesiraD MIXING DEPTH TYPE FOR EACH WOUR,
c
READ 11+ (MIXTYP(IHR) +IHR=]426)
PRINT 12
PRINT 13+ (InRRTNEARIIHR) oPTFAR(IHR) yMIXTYP (IHR) s IMHRZ1+24)
IF (CLASTYP ,FR.GHSTREET) GO YO 12%
o

CecnocenessCACULATING NORMAL_IZED CONCENTRATIONS FROM NEAR, NONaSTRFET
CesosbenscesnyRrEs,
c
DO 120 IDIR=1.]16
N9 115 1STAB=],S
DO 110 JUmlse?
SUMCN=n, 0
ND 105 TSEG=)«NCL_OSE
SUMCN=CQUMENXOQ (ISEGISTAB JI®Q(ISER,IDIRY
105 CONTINUE
CNNORM (ISTAR,IDIR J) ®S5UMCN
110 CONTINUE
118 CONTINUE
120 CONTINIE
GO TO 145
c
CesesssannsCal CULATING NORMALIZED CONCENT?ATIDNS FROM STREET SDURCE FOR
CessotasnssynNIT WIND SPEED,
o
125 DD 140 IDTR=1416
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CALL STREET

CQ-AOOODOOOSTREET CONCENTRATIONS ARE INDECENDENT OF STABILITY AND MTXe
.CosassonsssINGg DEPTH
o
- DO 135 1STAB=],5
00 130 JU=m1s+2 -
. CNNDRMISTAS,IDIRyJ)=XNORM
13n - CONTINUE
135 CONTINUE
140 CONTINUE
145 DD 165 IDIR=]s16
00 160 ISTABm1«S
PO 155 U=),?2
SUMCF=n,0
c
Coosnnesnssla L CULATING NORMALIZED CONCENTRATIONS FROM FaAR SUReESs.
pe )
D0 1650 ISEG=MCLOSE.9
SUMCFIQUNcFolOD(ISEG.ISTABﬁJ)OOIISEBmIDIR!
150  CONTINyE
CFNORM(ISTAR.IDIRJ) aSYMCF
156 CONTINYE
160 CONTINUE
165 CONTINuUE
NN=Q
c
CosssnenssaFy | { CONCENTRATION ARRAYS (8784 HOURSE) LEAP YEAQ) ¢+ NEAR
Cressvessss (CNEAR)AND FAR(CFAR) WITH NESATIVE VALUES
C
CALL MFMSETX (=99.,0,CNEAR,B7Rs)
CALL MEMSETX («99,0¢4CFAR 28T78s)

CesssensssaRraAD 24 HOURS OF METEOROLOGICALI DATA,,.,

Covestvecas WD=WINO DIRECTION(16 DIRss 18Neosel6ZNNWe,e0nCALM)
Cedacessaans WNSxWIND SPEED (M/S)

Cosseosnsae OT,DP+OCETEYPERATURE 4DEWPOINT, CLOUD o,NOT JSED,
Coonstevens ST=STASILITY INDEX (1=EXTREMELY UNSTABLEss..5% SLIguTe
Cescatuoeee Ly STABLE)

c

170 READ (1) STANO,DATE, (#D(L) o WS(L)+DTy0P,0C,SI(L)sLuls26)
IF (EOF (1)) 200+ 175
C
CosessnvensFnLLONING CARDS CAN BE USED (WITHOUT COMMENTS) f0 READ
CossetocessurTEOROLOGICAL DATA FROM CARDS,
C 170 DD 171 L=1e2a

C _ READ la, thL)ovS(L)onfoaﬂvoc-SItL[
C 16 FDAMAY (6F&4, 1, S&X )
C TF (WD(L) «LTe 0.0 ) 30 TO 200
C 171 CONTINUE
[of
175 DO 195 THes),24
o
CosnssesnconycNUMGFR OF HOURS SINCE START,
c
NN ox NNel
[«
CessssasseasSklP MISSING DATA.. NEGATIVE VALUES.
c

TF (HD(IHQ).LT-UQOtoRo‘S(IH“)uLTOOUOUORQSI‘lHR).LTQOQU’ 80 To 195
JEMIXTYD (THR) .
TSTAREQ] (THE)
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CoeesnbansCALM wINDS SET= | M/S anp MOST RECENTLY OBSERVED DIRECTION,
c
IF (wD{(IHR).EQeD+0) GO TQ 180
IF (WS{IHR),LT4140) WS(IHR)e],0
IDIR=WD (IHR)
IDPAST=WD(JHR) $ GO TO las
1Br WS(IHR)=],0 § IDIW=]DPAST
o . .
CoennutaessCALCULATING CONCENTRATION (GM/M®M#M) FROM FAR SOURCES «
¢ .
185 CFAR(NN)®PTFAR(IHR) ®CFNORM(ISTAByJDIReJ) *24.0/WS ( IHR)
IF (CLOSTYP.NE.6HSTREET) G0 TO 19¢

o
cenessnevensTREET USES A WIND SPEFD = 0.,5S*(AJRPORT VALUE + (.5 M/S)
o -
WS({IHR)Z0 ,SOwS (IHR) + 0.25
c
CotadataansCALCULATING CONCENTHATION FROM NEAR SOURCES (GMsMoMem)
C
19n CNEAR(NN)-PTNEAR(IHR)'CNNORM(151AB§ID]R'J)¢2¢.0/WS(lHH)
195  CONTINUE )
GO TO 170
200 NTYOTaNN

c
CorasttasndgET ARRAYS NEGATIVE ..,

Cevessngens TOP10= 10 WIGHEST MULTI=HOUR CONCENTRATIONS (MEANMK-AV=
CHessntanes ERAGE) .~ '

Cesessesses . TOPRATE RATIOS UF NEAR/FAR CONTRIBUTIONS o.,SAME PER]ODS
casssassens AS TOP10,. I

Covsneveces NHR= LAST HOUR OF AVERAGING PERIOD FOR EACH TOP10,

¢

CALL MEMSETX (=9,0¢70P10410)
CALL MEMSETX (=9,0¢TOPKAT41IN)
CALL MEMSETX (=9sNHR410)

C
CrdusttaesesET FREQUENCIES TO ZERD,
c
CALL MEMSETX (0,0+FREQ»10)
CALL MEMSETX (0,0+COFREQY1D)
c
CooassnareesET COUNTERS AND CONCENTRATION RUNNING SUMS TO ZERD,
¢
NN=MMzCLOSC=FARCEQ, 0
205 NNENN+] § MMaMMo]
NMHP) = NNaMEANHR )

C

CetasossersagK]P INTERVALS WITH MISSING DATA,

¢ .
IF (CFAR(NN).GE.o.o.AND.CNEAR(NN).GE.o.o) GO TO 210
M= § CLOSC=0.0 $ FARCaQ,.0 § GO TO 205

c

CesecctaneoCALCULATE RUNNING SUms ,

c

210 CLOSC=CLOSC+CNEAR (NN}
FARC=FARC+CFAR {NN)
IF (MM, LT, MEANHR) GO TU 205
CTOT=CLOSC+FARC
CALL CONFREQ
IF (OUTPUT.EO.SHHORSI.DR.OUTPUT.EO.AHBDTH) GO TO 215
IF (QUTPUT.EQ,5HMRATIO) GO TO 220
PRINT 14
STOP210
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€. ‘ ]
ConsodosnesCHECK TO SEE IF RWYNNING SUR GREWTER THAN TMOSE AUREADY STORED

¢
218 IF (CYOT.8T,TOP10(10)) CaLL araloe
IF (OUTPUT .£Q, SMWORST) @0 TO 222

c .
Cevsssaseas IF FARCE0 SET TO VERY SMALL NUMBER
¢

RATIO=CLOSC/FARC
CALL RaTFREQ
222 CLOSC = CLOSC=CNEAR (NMHP])

FARC = FARC=CFAR (NMHP])

IF (NN_LT NTOT) 30 TO 205

CALL CONPNT .

IF tOUTAUT.EQ.SHWORST4OR,OUTPUTEQe4HBOTH) 230,235
23n CALL BTGPNT

IF (OUTPUT.NE,4HBOTH) STOP230
235 CALL RATPNT

STOP235

END
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SUBROUTINE BYGPNT

C .
CoveororensTuIS SUBPROGRAM PRINTS THE 10 LARGEST MEANMR=AVEIAIES AND
CosesbassesOTHER TTEMS,

c .

COMMON /TOP/ nn.cTOT.CLosc.rARc.TOoncxo).Nuncxo).Topanrtlo).
1COFREQ{10)

COMMON /DAT/ ALPHA(16) yMEANHR4CLOSTY® ,NCLOSE

FORMAT (1M],5X]645)

FORMAT (/1H +SHIBHEST®I3, &<HOUR AVERABES®)

FORMAY (/1M 4#CLOSE = CONTRIBUTION FROM FIRST el]se SEGMENTSS)
FORMAT (/1H +#CLOSE a STREET CONTRIQUTION®)

FORMAT (1Xy @ RANK DAY HOUR®SX®CONCENTRATION®SX®RATID®/1N s1aX
1 *MG/M3e7X*PPMeSXeCLOSE/FAR®IX®TOP] 0%

FORMAT (1H +3I5+3F10.29 3Xs E10.3)

FORMAT (/1M 413Xe®LAST®)

XMNHR o MEANMR

E R TN

~

c
CooasreossssPRINTING IDENTIFICATION AND HEADINGS,
¢ : )
PRINT [+ALPHA § BRINT 2,MEANYR
IF (CLOSTYP.EQ.8HSTREET) GO T0 1p0
PRINY 3,NCLOSE & GO TO 10s
100 PRINT 4

PRINT 7

105 PRINT &
c
CoonscasensCNNVERTING UNITS AND AVERAGING AND PRINTING,
Cevaddesses CMILGM=AVERABE CONCENTRATION (E~30M/MOMEM)
Covasscnnes © PomxaAVERAGE CONCENTRATION (PPY),
Cotnsnssnes - NDaY=NUMBER OF DAY IN wHIpH LaAST HOUR OF AVERAGING [IN=
Coescnenses TEQVAL OCCURS,
Creasssnsas MHR=HOUR (OFI NDAY) DF END 9F AVERAGING INTEavVaL,

c

DD 110 I=m1+]0

CMILGM=TOP10(])®1,0E3/XMNHR

PPOMuMY GM/], 2

NDAY=NHR (T) /24+]

MHR = MOD(NHR(I) ¢24)

IF (ABS(TOPRAT(I)) .6T. 1000,0) TOPRAT(I) = «99,99

PRINT AvToNDAY s MHRICMILGMIPPYy TOPRAT (1) 4 TOP) 0 (])
110 CONTINUE

RETURN

END
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SUBROVUTINE arg)an

ConsisnnneaTuls SUBPROBRAM CHECKS wN To SES IF IT 1S WITHIN MEANWR oF
c9-§9~--ongayv OF THE RETAINED VALUES oF N4R, IFNOT cTOT I AJDED Tn THE
Chesesonans ST OF RETAINED VALUES OF TOP)9, TOP10(10) IS 0ID2PED onD T
CosonnssrnsLrsr | REORDERED+LARBEST (1) 19 SMALLEST (10), wN anp
ciiiéuﬁ-onncgosc/égnc AREAJDOED TO THE NHR aND TOPRAT | IsTs IN THE gamE
CesasnasessPASITION THAT CTOT WAS 8DDED TD THE TOP1O0 LIST, [F wy IS wITW
Cossionsasely MEANHR OF SOME: NMR THEN THE _fsT IS NOT REVISTD ywLEge
Connenssnnurtor EXCEEDS THE CORRESSONDING ToPlo,

c
COMMON /TOP/ NN.cTOToCLosc.rARc.TOPlof10).Nuﬂllo’oToﬂa!f(lo).
1COFREQ 10}
COMMON /DAT, ALPHA(16) yMEANMR 4 CLOST yD NELOSE
RATSO = CLOSC/FARC
N0 130 Y=1e30
e _

CoeaseessssChECK TO SEE IF N IS WITHIN MEANHR OF aNy una;
¢ 1F ((NM-NHRII));GT. MEANHR) 5O ToO 13p
gi-iéi---oécuscx Tn SEE IF CTOT IS GREATER THaw CORRESPONDING ToP]g,
‘ TF (CTAT,6T,.TOP10(I)) 6O ToO j20

RETURN
Cosssensesalr CTOT 15 LARGER, MAKE SUBSTITIUTIONS,
c ) ‘ .

120 TOP1o(r)=CcTOY

NHR (T ) =NN

c .. .
Cedensesses Yr Farezg REPLACE WITH vERY SvYaLl vaLur
c :
1F (rnéc.LE.n.o) FARC=1,0E=20
TOPRAT (1) =C{/nSC/FARE
_ 60 TO 135
130 CONTINGE
c
o

Cassenssanalr NN 15 NOT WITHIN MEANHR OF aNY wyWR, SUBSTITUT= FOR JqoTH
cbo+o-o¢0~'IiEM5 IN EACH LIST,
Cessntoonys 15 FAQC=20 REPLACE WITH VERY SvaLlL VaLuEg
c
1F (FARC.LE,.n,0) FARC=] ,0E=-20p
TOPRAT(10) = CLOSC/FARC
TOP10t10) = cTOT
NHR10) = Ny
195 CONTINGE

cao..-.o--.nrnngsq LISTS SO THaT TOP1D RUVS FanMm LARGEST Tp SYALLEST,.
c .
DD 160 T=149
JuTe) .
14n 1% (TODIO(J!.LE.TOPIOtl)) GO TO 150
TDPS-Tnbln(I) ] 70910(1)270910¢J) % TORP10tJ)=TpPS
NHRSENLR () % NHR (I ) =NmR () & NHR (J) sNHRS
YDDb=TnDRAT(z) 3 TOPRAT(I)=TDDBAT(J) | 3 TOPRAT(J)=TOPH
15n J=Je )
. TF (J.EelO) GO TO 40
160 CONTINGE
RETyRY
END
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SUBROUTINE CONFREQ

CooussusasTHIS SUBROUTINE ACCUMULATES FRQUENCIES OF TOTAL CaALCULATEND
c--o"""CONCEMTnATIDVSo
Chessnssens CLASSB=C|ASS JOUNDARIES OF FREQUENCY DISTRIBUTION (va, M3,
cuoooloonni XXHRaAVERAGING: INTERVAL (MEANHR),
e
CDHNON JCLSs CLASSB({10)
COMMON /DAT /s ALPHA(16)oMEANHa.cLDSTva,ncLosE
COMMON /TOP/ NN-CTOTOCLOSC'PARCoYOPlollO)vNHﬂ(lO).TDPHIY(lO)o
1COFREQ(10)
DATA (CLASSB-O.O60.5-1.0)2o0o¢.0-800.12.0016.°o32.0|6t.01
XXHR = MEANHR
CDH‘EQ(I)ICOFREQ(I’.I.D
¢
c-'¢'°*"~ocnnvenrrus AVERAIE IN M5/M3 TO UNITS COMPARABLE TO SUMS,
C"""""IFCUNULnTING FREQUENCIES,
c
00 110 I=2s10
cC = CIASSBIY)OXXHROI.DE-J
IF (CThT ,6T, CCY GO TO 100
RETURN
COFREQ(I)=COFREQ(I)+140
CONTINUE
RETURN
END

—
g~
210
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SUBROUTINE CONPNT

CosenvneesTHIS SUGROUTINE PRIINTS FREQUENCY DISTRIBUTION OF SALCULATFD

c
' COMMON /C| S/ CLASSB(]0)

COMMON /TOR/ NNsCTOToCLOSCoFARCHTOPL0(10)

1COFRED10)

CeaedsanonCONCENTRATIONS AND OTHER RELATED INFORMATION,

sNHR{10) 9 TOPIAT (10),

COMMON /DAT/ AL’#A(]&)ONEANH?.CLOSTYD.NCLOSE

FORMAT (1M1,15%)645)
FORMAT (/1M ,15,e«HOUR AVERAGESS)
FORMAT (/41W o#ALL AREA SOURCES®)

FORMAT t/41W +9X10F10.,3)
FORMAT (/o1H +#NUMBER = #]0F10.M)
FORMAT (/414 ¢«PERCENT 28] 0F10.2)

B NP P Y

c
CooantansnnPRINTING HMEADINGS.,
c
BRINT1.ALPHA
PRINT >,MEANHR
IF (cLNSTYP EQ.6HSTREET) GO T0o 100
PRINT 3 § GO TO 110
100 PRINT &
116 PRINT &
c
CadsssssseePnINT]ING NUMERICAL FREOUENC!ES.
¢ )
PIINT &,CLASSB
PAINT 7,CHFREQ
c
CetoodansaaNnRMALTZING TO PERCENTAGES,
c
PERCENT=0,01#COFREQ(])
D0 120 Y=1,1p
CDFHEO(Il-CoFREQ(I)/PERcENT
120  CONTINYE
c
ConeonssenaPRINTING PERCENTAGE FREQUENCIES,
C
PRINT a,COFRFQ
RETURN
END
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SUBROUTINE RATFREQ

c . :
CoesnesanssTlS SUBPROGRAM ACCUMULATES THE FREQUENCY DISTRISUTION oF THE
CennanentosnaTIOS OF THE NEAR/FAR SOURCES (RATIO),

COMMON /RAT/ RATIDSFREQ(10)+VALUE(1D)

c . .
Cosasasnsnsy, UECLASS BOUNDARIES FOR CUMJLATIVE FREQUENCY AISTRISJTION
Cesnsssases (NUMBER GREATER THAN,,,)
¢ .
DATA (VALUES0s0900020040490,0B800,200,4900802,004,0¢8,0)
-FREQ()IY=FREQ(I1)*1,.,0
N0 110 I=2410
IF (RATIO.GE.VALUE(I)) GO TO 100
RETURN :
100 FREQ(1)y=eFREQ(I)+1.40
118  CONTINUE
RETURN .
END
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SUBROUTINE  RATPNT

€

CaonerinnsaTHIS SURPROGRAM PRINTS CUMULATIVE FREQUENCY DISTIIBUTIONS FOR

CreestaesnsRATIOS OF NEAR/FAR CONTRIBUTION TO CONCENTRATION,

c

COMMON
COMMON
FORMAT
FORMAT
FORMATY
FORMAT
FORMAT
1)

5 FORMAT
T FORMAT
[ FORMAT
9 FORMAT

VN1 b N e g

c

/0AT/ ALPHA{16) sMEANHRCLOSTYDyNCLOSE

/RAT/ RATIO«FRER(10)sVALUE(L0)

(1H1,15X164A5)

(/71H +ORATIOS BASED ON®I3,%=qDUR AVERABE®) :
{/1H (@CLOSE = CONTRIBUTION FROM FIRST #I1e¢® SEBYENTSe,
(/1H ooCLOSE = STREET CONTRIBUTIONS®)

(/14 «10XSRATIO OF CLOSE/FAR CONTRIBUTIONS GREATER THaN.,,®

(714 +9X10F10.3)

(7/1H (#NUMBER =®)10F10,1)
(/1M ®PERCENT #241pF10,2)
{1419eNO VALID DATA®)

CesssnraspuaPRINTING IDENTIFICATION aND HEADINGS,

c

PRINT 1. ALPHA § PRINT 2,MEANHR
IF (CLOSTYP.EQ.6ASTREET) GO TD 100
PRINT A4NCLOSE $ 60 TO 110

1
1

-0
= 13-~ 31

c

c

PRINT &
PRINT &

CosesssssauPRINTING NUMERICAL FREQUENCIES,

PRINT 6,VALUE $ PRINT 7,FRED
TF(FREA(L)Y LEs 0.0) 112y 116
112 PRINT @ § RETURN

c

CosnsbasaneNARMALIZING TO PERCENTAGES,

c

116 PERCENT=z 100,0/,FREQ(])

nd 120

I=1e10

FREQ(I 1 2FREQ () *0ERCENT
120 CONTINUE

o

CosnnoassnsPRINTING PERCENTAGE FREQUENCIES,

c

PRINT a,FREQD

RETURN
END
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SUBROUTINE STREETY

c
ConasdessseaTHIS SURPROGRAM CALCULATES STREET CONTRIBUTION T2 CONCENTRA-

CaaaatasnasTION FOR UNIT WIND SPEEDsess

'c|¢¢¢l0i0¢g QST=EMISSION RATE ON STREET (aM/Mes),

CaoRensenas IDIRSWIND DIRECTION (16 PDINT).

Cossenasnsne STDIR=STREET DIRECTION (DESIREES Cw FROM NORTH),
Cassonanans SINE (LEFT OR RIGHT)= SIDE OF RECEPTOR WHEN FACING STDIR
Cosessanens WoM=WIDTH AND HEIBWT OF STREET CANYON (M),

Codaadantns Z+XsHETIGHT AND HORIZONTAL DISTANCE OF RECEPYOR FROM TRAF
Conpnsennes Fre.

Cotenssnnae CoS60=COSINEI60 DEGREES),

c )

COMMON /VAR/ XNORMsQSToSIDEGIDIRSTIIRsweHsZ¢X
DAYA CnS60 /0.5/

c

CovsmeesnsaANGLE NORMAL TO STDIR,

c
IF (SINELNE.4MLEFT) G TO 100
ANGLE=STDIR-Q0,0
GO TO 120

100 IF (SINEL,EQ,SHRISZHT) 350 TO 110

PRINT 1 & STOP100

1 FORMAT (/\H ,%BAD STREET SIDE DESIGVATIDINS®)
11n  ANGLE=SYDIR4+90,0
c
CennanranessCANVERTING wIND DJIRECTION TO DESBREES,
c
120 wD=INIn % WN=22.5%(wWD=1,0)
c

CacsesscasonCnSINE OF DIFFERENCE BFTWEEN WIND DIR AND NORMAL TD ST.VIR,
c .
COSDIF=COS((wD=aNGLE)®*0,0174533)
c
ConssnanacoCWIND (CLEE)SCONCENTRATION wITH UNIT WIND SPEED =0 RECEPTOR
CseonolosacF sCING TOWARD (AWAY FROM) THE JIND DIRECTION.
c .
CHINDET7,0%QGT# (H=Z)/(1:5%WoH)
ELEE =7.08Q8T/(1.,5*(SART(X2X+Z02)+2,0))
c
CesgercaasaTrSTS TN DETERMINE WHETHER THE WIND IS RLOWING WITHIN 30 DEa
CrescenesnsGRFEES OF STNIR. DR TOWARDe OR awaY FROM RECEPTOR,
c
TF (COSDIF.GT.0.0) GO TO 125
TF (885 (COSNYF).LE,COS60) GO TO 130
XNORM=rwND
RETUAN
125 TF (ARS(CNSHTF).LE.COS560) GO TO 130
INORM=r | EE
RETURN
1370 XNORwM=z (CLFE.CWIND)®0,5
RETUBN
FND
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Appendix B

SOURCES OF TRAFFIC INFORMATTON

Traffic information is generally available in urban areas where it
is collected for use in traffic control. In small towns and outlying
areas, data may not always be available, but a check with the local
highway, transportation, or Public works offices would reveal any
special counts that may have been taken, State and federa] highway
counts are maintained and updated regularly., The U.S. Department of
Transportation, Federal Highway Administration, publishes a directory,
"Urbanized Area Transportation Planning Programs," that lists traffic
agencies throughout the country, as well ag key officials of these
agencies, The directory is divided into four sections:

e Section I: Lists the metropolitan area transportation
planning Programs.

o Section II: Lists the Federal Highway Administration
regional Planning engineers.

e Section III: Lists the Federal Highway Administration
Division Planning and research engineers,

o Section IV: Lists the State Highway Department Planning
engineers,

Copies may be obtained from the Federal Highway Administration, 400
Seventh Street, S, w,, Washington, D.C., 20590,

Traffic information may appear in many forms. Examples are shown
in Table B-1 and Figures B-1 through B-5. Table B-1 gives traffie
volumes at different locations along a state (California) highway. The
traffic during peak hours, the average daily traffic (ADT) during the
peak month, and for the whole year are all given., The highway segments
are identified by name and mile—post values.

Figure B-1 shows a Street map of Washington, D.C., drawn so that
the street widrhs are proportional to traffie volumes. Figure B-2 is an
example of the same graphic technique applied over a larger area
(northwestern Virginia). Figure B-3 illustrates another, simpler method
of designating traffic volumes along a road network,

Figure B-4 shows traffic volumes that are presented in stil]
another way, In thisg instance, the average daily traffic on all of the
streets in each of the squares have been used to determine the average
total number of vehicle miles traveled on surface streets each day, in
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Table B-1

EXAMPLE OF TABULATED TRAFFIC VOLUMIES.

Rte 101, SM Co

Wil
pout

L5 )

a0

55

[INL]

1190

1268

13.46

C148

1795

19.12

2l

2192

0.

HTT s

1971 TRAFFIC VOLUMES

Peak ADY
Descriplion Howr Pk b Asmaal
Redwood City, Jet. Rte. 104,
Chestrut-Spruce Street
M0 100 1200
Redwood City, Whipple Ave- .
noe Interch
10500 119000 111000
Holly Sarect | N
11200 127000 114000
Bdmill:hm Avenue
1500 12000 (12200
San Mateo, Hillsdale Boule-
vard Interchapge
12100 13700 127000
S5an Matew, Jet. Rie 92
19th Avenue | hangy
AT  MAMD 135000
Snrlhm Kehoe Avenue
. 12800 146000 135000
Su! Msteo, Third Avenue
13100 145000 138000
San Mateo, Poplar-Dore Ave-
nue C i
12700 144000 14000
San Mateo, Peminsular Ave.
nue Interchange
12700 144000 134000
Burlingame, Broadway Inter-
change
12600 140000 123000
Millbrae, Millbras Avenue
13000 147,000 137000
San Francico Aurport
13400 153000 141,000
San Bruno Avenue inter-
change
South San Francuco, South 11300 120000 119000
Aurport Bowlevard Inter.
change
1L100 126000 117,000
South San Frlncm Gramd
Avenue |
1L 132000 123000
South San Frantoco, Landen
Avenue Connecton ... ... .. ... -
South San Frascoeo. Oveter 11000 125000 116,000
Pownt Boulevard Inter.
change
11,400 1900 120000

South San Frannaeo, Ol
Bayshore Connection
(Sectta Pont)

Source: California Division of Highways
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e
ot

oy

=50

;51
=000

o

410

R

RS.47
=454

476

3.
17

535

671

0.00

Rte 101, Mrn Co

Peak ADT
South San Francowo, Old :
Be 7 .
(Seerta Paant}
11300 197000 112000
Br?hne Candisitick Park
San Mateo County (Brishane
Nocth Gity Limits)
San Francoeo County (San
Francisco South City 11200 17000 1800
Limity)
San Franciwo, Third Street
11200 128000 118000
San Francisca, Paul Avenue
Connection
11300 28000 11900
San Francisco, Silver Ave-
e | bang
Sen Francixo, jet. Rte. 12100 137000 127,000
0, Alemmy Boulevard
15000 199000 18500
San Francisco, Army Street
H hange
15000 206000 191,000
San Feaneino. Vermont
5 pa ¥
15000 201000 185000
San Francisco, Jet. Rie. &
Eastbound Lanes
10.000 120000 111000
San Franciso, Misson
Street-South Van Nexs
Avenue G
8.100 9000 9000
San Francisco, Market
Street
San Francisco, Oak-Fell 8300 96000  89.000
Styeet G )
End Freeway
4550 200 48000
San Francimo, Turk Street-
Colden Cate Avenue
) 4700 33000 49500
San F Turk Street .
3000 62000 53,00
San Francixo, California 4,450 55000 47000
Street
4100 S00m 42000
4,100 50,000

San ancum Jet. Rte
43, Lombard Sareet

43.000

(Break in Route)
Marin County
North End Golden Cate

Bridge. Begin Freeway
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FIGURE B-1 SAMPLE TRAFFIC MAP FOR A DOWNTOWN AREA
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FIGURE B-2 SAMPLE TRAFFIC MAP FOR AN INTERCITY AREA, VIRGINIA
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TRAFFIC YOLUME MAP
COLORADO STATE HIGHWAY SYSTEM
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FIGURE B-3 SAMPLE TRAFFIC MAP FOR AN INTERCITY AREA, COLORADO
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that 2-mile square., Thig type of traffic data 1s not as common as the
others, but such inventories are known to have been made for at least
‘three areas in California: the Lag Angeles Basin (Roberts et al, 1971),
‘the San Francisco Bay Area (Ludwig and Kealoha, 1974), and the example
shown in Figure B-4, Ventura County (Ludwig et al, 1975),

In the late~1960s, a series of documents wag Prepared for many U,S.
urban areas by the U.S. Department of Health, Education, and Welfare.
The gemeric title of these documents is:

"Report for Consultation on the Metropolitan, . . Air Quality
Control Region”

The missing words in the title give the name of the appropriate
intrastate or interstate metropolitan area. Some of these documents
contained gridded estimates of daily average CO emission rates, Since
most CO is emitted from vehicular sources, these inventories will be
closely related to traffic, and could be used as data for such
estimations, if no betrer information were available,
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Appendix C

SOURCES OF CLIMATOLOGICAL AND METEQROLOGICAL IﬁFORMAIION

One of the most helpful publications specifically designed to
agsist potential users of climatological data is called "Selective Guide
to Climatic Data Sources,” Key to Meteorological Records Documentation
Number 4.11, prepared by the staff at the National Climatic Center,
Aghville, N.C., for sale by the Government Printing Office, Washington,
D.C. 1Its format indicates the publication(g) in which various clima-
tological categories (temperature, precipitation, wind, humidity, and so
on) may be found. Although this publication refers primarily to
published climatological data, a wealth of unpublished climatological
summaries are also available on special order from the files of the
National Climatic Center An index to the summaries that can be ordered
is given in the "Guide to Standard Weather Summaries," NAVAIR 50-IC-534,
U.S. Navy, March 1968,

The National Climatic Center makes every effort to obtain a copy of
all meteorological records collected in the United States, These data
are available and can be ordered on microfilm, magnetic tape, hard
copies, or as copies of raw data, The address and phone number are:

Director, National Climatic Center
Federal Building

Ashville, North Carolina 28801
Telephone: (704) 258-2850

The Center answers inquiries and analyzes, evaluates, and
interprets data, Routine letters or telephone inquires are usually
answered without charge; other services are provided at cost,

The bulk of the data at the Climatic Center are meteorological
observations made at airfields by the National Weather Service, the
Federal Aviation Administration, and the Defense Department. Figure C-1
shows an example of the kind of information to be found on a three—
hourly tabulation for one month at one station. Climatic information is
seldom available to the extent that it will be desired, but ingenuity
can often be used to ferret out sources not generally available from the
usual public data repositories. :

At the State and regional level, fire stations, highway and
transportation departments, environmental studies groups, air pollution
districts, ang utility districts may have continuing meteorological
records or special weather studies available, A call directly to these
agencies may result in a data Source not available anywhere else.
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Schools, colleges, industrial complexes (such as oil refineries),
~agricultural research stations, radio-TV stations, and electrical power
Plants may cooperate with a data collection program if asked.

The folldwing pﬁblications provide important information concerning
useful data sources.

1. Air Pollution Control Association (1973-1974): "Directory,
Governmental Air Pollution Agencies", published in cooperation with the
Office of Air Programs, EPA, This directory lists federal, state,
regional, and county agencies conducting air polliution programs, Names
of officials, titles, addresses, and telephone numbers are given. Write
to W, T. Beery, Editor, Directory Governmental Air Pollution Agencies,
Air Pollution Control Association, 4400 Fifth Avenue, Pittsburg, PA
15213.

2. World Weather Records, Smithsonian Misc, Collections, Vol, 79,
Publication 2913, Assembled and arranged for publication by H. H,
Clayton, published by the Smithsonian Institution, August 1927, This
reference book contains monthly and annual means of pressure,
temperature, and totals of rainfall.

A more extensive collection consisting of climatological data for
selected airfields and for the climatic areas in which they are located
has been compiled by the USAF Environmental Technical Applications
Center (ETAC), Building 159, Navy Yard Annex, Washington, D.C. 20333,
This series is also being published by the U.S, Naval Weather Service,
Navy Yard, Washington, D.C. 20390, under the title "U,S. Naval Weather
Service World-Wide Airfield Summaries." Table C-1 1lists the available
volumes in this series, Volume VIII contains summaries for the United
States. Information requests should be addressed to:

The National Technical Information Service (NTIS)
Springfield, Virginia 22151,

3. "The Climatic Atlas of the United States," (1968) is a
comprehensive series of monthly and annual analyses showing the national
distribution of mean, normal and/or extreme values of temperature,
precipitation, wind, pPressure, relative humidity, dewpoint, sunshine,
sky cover, heating degree days, solar adiation and evaporation. It was
prepared by the Environmental Data Service, NOAA, U.S. Department of
Commerce, for sale by the Superintendent of Documents, Washington, D.C.

4. "Mixing Heights, Wind Speeds, and Potential for Urban Air
Pollution Throughout the Contiguous United States" by George C.
Holzworth illustrates seasonal and’ annual, morning and afternoon mean
mixing heights, wind speeds, and normalized pollutant concentrations
that were exceeded 10, 25, and 50 percent of the time for specified city
sizes. Copies of this report (Office of Air Programs Publication No. AP-
101) may be ordered from the Office of Technical Information and
Publications, Office of Air Programs, Environmental Protection Agency,
Research Triangle Park, North Carolina 27711,
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The National Climatic Center will Prepare special data sSummaries,
They also have étandard computer Programs available for special
Sumnaries. One of the most useful summarieg for air pPollution studies
.18 that prepared by the STAR Program., It ig 5 Joint frequency .
distribution of atmospheric stability and wind speed aund direction, The
atmospheric stabilitry ig calculated objectively from the cloud cover
and wind data, Thig stability algorithm is based on the work of
Pasquill (1961). The summaries can be based on any extended period of
record wirh Separate outputs for the months or Seasons, as well ag an
annual summary, There are some pollution models that use the output of
STAR program as part of their input requirements,
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Appendix D

SOURCES OF LAND USE INFORMATION

The extent and availability of land use data is dependent on the
specific area under study and what one chooses to call "land use infor-
mation."” The more formal information can be obtained at different
levels of government. Some states have developed sizable data bases as
an aid in generalized state planning (i.e., Connecticut, Florida,
Hawaii, Maine, Vermont)., The majority of states, however, are just
beginning the information gathering process, Land use information for
nonurban areas is best obtained from State Planning and regional
agencies,

Regional planning agencies (e.g., the Denver. Council of Governments
in Colorado, Southeastern Virginia, Planning District Commission, and
the Comprehensive Planning Organization in San Diego) can be excellent
sources of information. These regional agencies gather socioeconomic,
existing land use, and transportation data. Comprehensive regional
plans can then be prepared to provide projections of long range
demographic growth and land use.

Cities and counties will usually have current, readily available
data on population, employment, existing and projected land use, general
development plans and zoning regulations. Also, they will be able to
provide basic transportation information and maps of major arterials and
proposed thoroughfares.,

In cities with schools of urban and regional planning, planning
Professors can help the researcher meet specific needs. Also, their
libraries can be researched for applicable graduate and doctoral theses
which are frequently case studies of the immediate vicinity,

There are other sources of land use information that are not
specifically directed to the topic. Good maps or aerial Photographs can
provide a lot of useful information that may not be available from
conventional land use sources. Useful sources of information for the
United States are discussed next.

A, U.S. Bureau of the Census

Demographic and socioceconomic information of use to planners is
available from the Department of the Census, Data developed by census
tracts can be used to answer questions regarding a neighborhood's
population and characteristics. Census tract information can be
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outdated, 80 it should be supplemented by material developed by the
city, county, or regional planning bodies.

B. United States Geological Survey (USGS)

1. Topqgraphié Maps

Topographic maps portray man-made and natural features, and
the shape and elevation of the terrain. The usefulness of topographic
maps is revealed in their accuracy, availability, economy, and wealth of
detail. All maps are classified according to scale. The map scale
expresses a ratio between the features shown on the map and the same
features on the earth's surface. A scale of 1:24,000 states that one
unit on the map represents 24,000 units on the ground. Figure D-1 is an
example of three map scales of the same area showing the type of
information that is available in large, medium, and small scale maos.
Table D-1 is a summary of the principal maps and their essential
characteristics. A booklet describing topugrapnic maps and symbols is
available free upon request from the Geological Survey. To order maps
of a specific area, first obtain a state index map by asking for the
"Index to Topographic Maps of (state)." An order form is included with
each index as well as a list of local merchants that may stock
topographic maps, Map reference facilities are also maintained in many
public libraries. All maps for areas west of the Mississippl may be
purchased by mail or over the counter from: Distribution Section, U.S,
Geological Survey, Federal Center, Denver, Colorado, 80225; and for
areas east of the Mississippi: distribution Section USGS, 1200 S, Eads
Street, Arlington, Virginia 33303,

2. Photoimage Maps

Photoimage maps are available in the 1:24,000 scale, These
are 3 new standard product called the orthophotoquad maps, An
orthophotoquad portrays by aerial photoimagery a wealth of detail not
found in conventional line maps. Yet there is the same positional
accuracy as in standard topographic maps. Orthophotoquads are
reproduced in black and white as photographic, diazo, or lithograpic
copies. Diazo or lithographic products are comparable in price with 7.5
minute topographic maps, To obtain an index of orthophotoguad
availability, contact the: :

National Cartographic Information Center
U. S. Geological Survey

National Center, Stop 507

Reston, Virginia 22092

(703) 860-6045

Figure D-2 shows a portion of the orthophotoquad index,
legend, and a coded portion of the state of Florida (USGS, 1974).
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FIGURE D-2
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3.  Earth Resources Technology Satellite

The Earth Resources Technology Satellite (ERTS) has the multj-
.spectral sensors on board that "photograph” the earth's surface in the
visible through near~infrared range. The potential .of such.a capabilicy
for land use mapping, updating, and projection is currently a subject of
extensive study. The images received from the satellite are available
for sale as individual frames each covering an area approximately 1000 x
100 nautical miles with a 10 percent overlap along the spacecraft track,

Table D-2

PICTURE PRODUCTS AVAILABLE FROM ERTS

Image Size Scale Material

70mm (contact size) 1:3,369,000 Resin coated paper,
film positive or negative

71/2" x 7 1/2" 1:1,000,000 Resin coated paper
15" x 15"  1:500,000 Resin coated paper
30" x 30" 1:250,000 Resin coated paper

Source: EDCDM Form 6

For more information, contact the ERTS Data Center, Sioux
Falls, South Dakota, telephone: (605) 339-2270. The ERTS Data Center
has substantial holdings of images acquired by aircraft throughout the
United States. They invite inquiry regarding availability of suitable
coverage of your area of interest (USGSEDC).

4, Sanborn Maps

Sanborn maps are land use maps prepared by the Sanborn Map Company.
They are plotted to a scale of 1 in, to either 50 or 100 ft showing
details such as streets, railroad tracks, lot lines, building dimen-
sions, nature of the building material, number of stories, height of the
building, and use of the building. Sanborn maps are.used primarily for
fire insurance purposes. Local sources may be fire insurance offices,
realtors offices, city planning, and the county courthouse (Murphy,
1966). For information, contact:

The Sanborn Map company, Inc,
629 5th Avenue

Pelham, N, Y. 10803

Mr, G. Greeley Wells
Telephone: (914) 738-1649

Figure D3 is an example of a Sanborn map for a section of Portland,
Oregon.
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A SANBORN MAP FOR A.SECTION OF PORTLAND, OREGON
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tions., 4 number of foreign translations were Provided by the Contract
Monitor and are included in the bibliography. The bibliography is
arranged alphabetically by author and numbe red consecutively, Each item

Table E-1, The bibliography item number ig entered in all the
applicable categories, Some of the more comprehengive TepOrts may be
tallied in Séveral categories, Table E-1 can pe easily used to
determine which of the reports in the bibliography are related to the
various Sampling Purposes and scaleg of measyrement.

130




Table E-1

Applicable Scale of Measurmment
Purpose for Which Daca Middle
Are to Be Usad Dowotown, Street Indirect coretdor Neighbochood Regional
Canyon - Source
1. Detemmine complisnce with 36 69 43 1 28 70 1 69 82 28 89 124
smbient air qualicy 41 72 37 136 57 48 28 10 9% 29 0 136
stindardy 57 11 69 138 58 138 43 71 13 30 n 138
R 72 69 57 81 138 36 81
58 %
2. Alert suthorities to exine- 4 10 43 103 4 & 38
ing or impending cricical 45 107 45 113 58 45 118
uituations 73 113 73 113 113
85
3. Evalumte results of control 36 98 58 loz ELY
mEARUTes 98 113 62 117 b1
113 126 113 126 117
126 126
131
4. Determine long-rerm trends, 48 1 102 17 66
urban and rural 17 17 % 102
48 ; 30 117
66 . 47 125
82 48
5. FProvide information for de- 18 64 49 18 50 7% 20 68 20 68
veloping, evaluating, and 26 75 50 24 62 116 50 99 0. 78
refining air pollurion 49 17 (74 25 66 120 56 11 60 112
models 50 99 67 27 67 61 116 61 125
55 116 99 n &8 47 129 67
6. Provide information for com- ? 41 8 107 20 98 5 59 5 3% 101 3 & 106
Parisons among locations of 21 44 96 119 F43 100 20 66 20 &é 102 5 48 125
the same general class, 3z 54 97 112 44 101 21 as 21 81 106 20 7%
Streer canyons, highways, 3% 59 98 128 3% 103 28 96 28 8L 125 28 78
nelghborhoods, rural areas 36 66 100 133 66 106 44 100 43 85 s Bl
37 72 101 134 a5 133 48 101 b4 96 % as
39 83 103 135 9% 1u 58 106 48 100 43 101
40 85 106
T- Serve as data base for ety 96 67 28 62 z %3 1le 2 EEI. § X
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